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THE  SUGAR  SCENE  AS  SEEN  FROM  WASHINGTON 

Horace  Godfrey 

Godfrey  Assoc. 

Washington,  D.  C. 

Approximately  two  years  ago,  I  began  a  talk  with  some  of  you  by  using  the  statement  "how  sweet 
it  is."  .Today,  as  I  begin  my  remarks,  I  say  "it  ain't  so  sweet."  All  of  you  know,  much  too  well, 
what  has  happened  to  the  price  of  sugar  during  the  last  two  years.   Recently,  we  have  had  some  spurts 
in  the  market,  but  the  trend  is  still  downward  and  has  now  fallen  below  the  cost  of  production  for 
many  cane  and  beet  growers.   Crop  prospects  throughout  the  world  are  reported  as  good  with  an  expected 
total  production  which  could  add  to  our  carry-over  stocks.   Many  people  apparently  believe  that  the 
increased  production  expected  this  season  will  create  a  sugar  surplus.   Actually,   carry-over  stock 
level,  with  the  increased  production,  will  leave  stocks  in  relation  to  total  use  at  a  lower  level  than 
normal.   We  are  not  sure  what  normal  carry-over  stocks  should  be  and  in  the  opinion  of  many  experts 
the  reserve  stocks  carried  by  large  and  small  users  decreased  immensely  during  the  period  when  sugar 
prices  were  increasing  and  they  have  not  yet  been  restored  to  their  former  level. 

The  first  question  that  arises  is  what  can  be  done  to  improve  the  current  price  situation. 
There  are  three  actions  which,  in  my  opinion,  could  affect  prices.   First,  legislation  creating  a 
sugar  act  of  some  kind.   I  do  not  believe  this  is  possible  during  1976.   Second,  an  international 
agreement  for  sugar.   There  has  been  much  discussion  and  some  meetings  with  reference  to  a  new  inter- 
national agreement  for  sugar.   The  United  States  has  participated  in  the  meetings  and  discussions  to 
the  extent  of  an  "observer."  There  will  be  additional  meetings  held  and  in  my  opinion  possibly  formal 
discussions  early  next  year.   Therefore,  nothing  in  the  immediate  future  in  the  form  of  an  international 
agreement.   I  have  personal  feelings  with  respect  to  an  international  agreement,  but  time  does  not  per- 
mit a  discussion  of  them  at  this  meeting.   Third,  action  under  existing  laws.   Just  recently,  Senator 
Russell  Long,  (D. ,  LA),  chairman  of  the  Finance  Committee  of  the  U.S.  Senate,  wrote  President  Ford 
expressing  his  concern  over  declining  sugar  prices  and  the  survival  of  the  domestic  sugar  industry. 
In  his  letter  he  outlined  three  actions  which  could  be  taken  by  the  President  which  in  his  opinion 
would  help  maintain  the  domestic  industry,  improve  sugar  prices,  and  be  fair  to  the  consumer.   These 
were:   A.,  increase  the  present  tariff  level  from  62.5  cents  per  100  lb  to  as  much  as  $1,875  per  100  lb; 
B.,  reduce  the  present  foreign  import  quota  of  7  million  tons  to  a  more  realistic  level,  (total  imports 
of  foreign  sugar  in  1975  were  only  3.9  million  tons),  and  possibly  establish  individual  foreign  country 
import  quotas:  C,  direct  the  Secretary  of  Agriculture  to  establish  a  price  support  program  for  sugar- 
cane and  sugarbeets  under  authority  contained  in  Title  3  of  the  Agricultural  Act  of  1949.   The  level 
of  support  could  be  established  from  zero  to  90%  of  parity.   Senator  Long  suggested  a  minimum  of  70% 
in  order  to  be  equitable  with  support  levels  for  other  commodities.   Seventy  percent  of  parity  would 
result  in  a  price  for  raw  sugar  of  18.5  cents  per  pound. 

Now,  what  will  be  done?   In  my  opinion,  as  long  as  the  raw  price  remains  in  the  general  area  of 
14  cents  there  will  be  nothing  done.   The  next  question  arises  then.   How  far  can  the  price  drop?   I 
am  not  in  a  position  to  answer  this  and  don't  believe  that  anyone  else  can.   The  size  of  the  European 
beet  sugar  crop  will  be  determined  to  a  great  extent  by  weather  conditions.   Good  weather  resulting 
in  a  good  crop  will  mean  lower  prices.   Bad  weather  resulting  in  lower  production  would  mean  better 
prices . 

There  are  some  people  who  are  now  discussing  the  inclusion  of  sugar  legislation  in  the  overall 
farm  bill  which  comes  before  Congress  next  year. 

To  summarize  what  I  have  said  so  far,  the  immediate  future  does  not  look  too  bright.   There  will 
be  up  and  down  swings  in  the  market.   To  maintain  a  domestic  industry  we  need  high  yielding  varieties 
and  lower  production  costs.   I  congratulate  those  of  you  in  this  room  on  the  excellent  job  you  have 
done  over  the  years  in  keeping  a  viable  sugarcane  industry  and  in  expanding  production.   You  are  the 
ones  who  have  accomplished  this . 

In  my  preliminary  opening  remarks,  I  indicated  that  I  wanted  to  discuss  something  other  than 
the  sugar  scene.   As  you  recall,  I  stated  that  much  of  the  publicity  given  to  our  members  of  Congress 
with  reference  to  extra-curricular  activities  was  merely  a  cover-up  to  prevent  us  from  knowing  what 
was  really  being  done  to  us  by  restrictive  legislation  and  regulation.   Having  been  connected  with 
farming  for  more  than  a  half  century,  I  am  seriously  concerned  about  the  ability  of  the  American 
farmer  to  continue  to  feed  the  people  of  this  nation  and  most  of  the  world.   As  has  been  said, 
American  agriculture  is  no  less  than  a  modern  day  miracle.   However,  we  are  being  faced  with  many 
obstacles  in  our  efforts  to  increase  production  and  to  stay  in  business.   World  population  is  steadily 
increasing.   The  chart-makers  show  the  food  production  and  population  lines  crossing  in  the  mid-80's. 
That  is,  until  the  mid-80 's  there  will  be  adequate  supply  to  meet  population  needs,  but  after  the 
mid-80 's,  population  increase  outstrips  increase  in  food  production. 

As  all  farmers  know,  but  not  many  non-farmers  realize,  farm  production  depends  on  many,  many 
things  including  soil,  climate,  weather,  availability  of  all  other  inputs',  costs  and  so  forth.   In 
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addition,  however,  farm  production  also  now  depends  to  a  major  extent  on  laws  passed  by  Congress  or 
rules  and  regulations  written  by  bureaucrats.   I  generally  refer  to  these  as  "restraints"  on  production. 
These  restraints  have  driven  and  are  driving  many  farmers  out  of  business. 

To  name  a  few:   a.   laws  and  regulations  on  clean  air;  b.   laws  and  regulations  on  clean  water 
(Incidently,  I  never  cease  to  be  amazed  with  the  lack  of  knowledge  on  the  part  of  so-called  educated 
people  in  what  is  involved  in  the  production  of  a  farm  crop.   I  refer  to  these  people  as  "do-gooders." 
For  example,  in  the  current  amendments  to  the  Clean  Air  Act,  there  is  a  proposed  amendment  that  says 
even  though  the  air  is  of  much  better  quality  than  required  for  the  protection  of  the  health  and 
welfare  of  the  people  that  no  degradation  of  that  air  can  take  place  even  though  the  area  involved 
may  be  needed  to  produce  food  and  fiber.   Areas  with  this  kind  of  air  are  usually  national  parks  or 
restricted  areas.   But,  the  areas  adjoining  these  could  not  be  put  to  any  use  which  may  have  the 
effect  of  reducing  the  air  quality.   As  a  friend  of  mine  put  it,  "Is  it  more  important  to  use  the 
area  adjoining  to  produce  food  for  5,000  children  or  keep  the  air  better  than  necessary  so  3  or  4 
privileged  children  can  visit  the  park?");  C.   bans  on  uses  of  insecticides,  herbicides  and  other 
chemicals;  d.   farm  labor  costs  and  benefits  for  farm  laborers;   E.   standards  for  safety  and  health 
(OSHA) .   (Just  think  for  a  moment  what  OSHA  has  meant  to  all  of  us:   roll  bars,  closed  tractor  cabs, 
noise  eliminaters ,  factory  inspections  and  citations,  new  proposed  toilets  within  five  minutes  walk 
for  all  field  workers.   And  they  still  find  time  to  spend  thousands  of  dollars  to  inform  us  that 
fresh  manure  on  a  cement  floor  is  slick.   I  could  go  on  with  many,  many  others.);  F.   land  use 
restrictions . 

The  list  could  go  on  and  on  and  on,  but  some  time  soon  the  general  public  must  be  made  aware 
that  these  restraints  may  mean  hungry  people.   Somehow,  someway,  we  who  are  engaged  in  producing 
food  and  fiber  must  get  this  simple  fact  across.   If  you  want  to  be  well  fed  and  well  clothed,  be 
careful  of  the  restraints  placed  on  farmers. 
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MANIPULATION  OF  PHOTOPERIOD  FOR  FLOWER  CONTROL 
AND  CROSSING  OF  SACCHARUM  OFFICINARUM  L.I/ 

P.  H.  Dunckelman 

U.  S.  Sugarcane  Field  Laboratory 

ARS,  USDA 

Houma,  Louisiana   70361 


ABSTRACT 


There  are  over  600  clones  of  the  noble  species,  Saccharum  officinarum  L. ,  in  the  World  Collection 
of  Sugarcanes  maintained  by  the  USDA.   Only  9  were  used  in  interspecific  hybridization  with  other 
Saccharum  species  to  produce  the  commercial  varieties  grown  in  the  U.  S.  subtropics.   Since  S. 
officinarum  is  the  donor  for  sucrose,  low  fiber,  juiciness,  and  large  size  of  stalks  in  crosses  with 
other  species,  particularly  the  vigorous,  disease-resistant  £.  spontaneum  L. ,  an  effort  is  now  underway 
at  Houma  to  use  more  of  this  essential  but  largely  untouched  source  of  sugarcane  germplasm.   In  19  74, 
13  noble  clones  were  made  to  flower  early  by  artificially  controlling  the  photoperiod.   These  clones 
were  crosses  in  29  combinations  with  3  selected  S_.  spontaneum  clones  and  10  F,  selections  from  S. 
spontaneum  and  jS.  robustum  Brandes  &  Jesw.  ex  Grassl  lines.   Over  9000  viable  seeds  were  produced. 

INTRODUCTION 

Over  600  varieties  growing  in  the  World  Collection  of  Sugarcanes  are  listed  as  noble  cane&?A   The 
noble  designation  was  coined  by  Dutch  workers  in  Java  in  reference  to  the  flamboyant  stalk  colors  and 
large  size  of  these  clones  of  Saccharum  officinarum  L. 

S_.  officinarum  contributes  the  sugar  storage  potential  (1,  2,  14)  to  the  interspecific  hybrids  that 
presently  produce  the  world's  sugarcane  crops.   This  species  also  transmits  to  these  interspecific 
hybrids  large  diameter  and  stalk  weight,  self -trashing,  low  fiber,  and  juiciness.   The  nobilization  of 
the  commercially  worthless  but  vigorous  and  disease-resistant  S_.  spontaneum  genotype  required  approxi- 
mately 25  years  and  several  generations  of  crossing,  selection,  and  backcrossing. 

Chromosome  numbers  of  S^.  officinarum  double  when  hybridized  by  £.  spontaneum  in  the  F,  and  BC, 
generations  (3).   Because  of  this  peculiar  cytological  mechanism,  some  of  the  resultant  seedlings  not 
only  possess  many  of  the  characteristics  of  S^.  officinarum,  but  are  also  disease  resistant  and  adapted 
to  the  subtropics  (2). 

The  poor  flowering  of  S^.  officinarum  clones  at  the  higher  latitudes,  including  Louisiana,  is  a 
serious  deterrent  to  using  S_.  officinarum  in  crosses  outside  the  tropics.   However,  photoperiod  treat- 
ments used  at  Houma  in  1974  to  control  the  flowering  of  sugarcane  (6)  induced  £.  officinarum  'Fiji  40' 
to  flower  simultaneously  with  other  breeding  canes.   £.  officinarum  clones,  thus  induced  to  flower, 
can  then  be  crossed  with  superior  S_.  spontaneum  clones  (8,  9)  and  with  vigorous  early-generation  S_. 
spontaneum  and  S_.  robustum  Brandes  &  Jesw.  ex  Grassl  lines  with  resistance  to  mosaic  (10),  cold  (Tl),  and 
stalk  borers  (12,  13). 

Very  few  S_.  officinarum  clones  were  used  in  the  breeding  of  hybrid  varieties  (1,  14).   This  prompted 
us  in  the  basic  breeding  program  at  Houma  (4,  5)  to  sample  more  of  this  little-used  but  valuable  germ- 
plasm.   The  first  successful  crosses  at  Houma  involving  S_.  officinarum  were  made  in  1974  (7)  when  Fiji  40 
was  crossed  with  the  superior  S_.  spontaneum  clones  Djatiroto  and  US  56-15-8. 

MATERIALS  AND  METHODS 

In  October,  1974,  single-bud  cuttings  of  20  clones  of  S_.  officinarum  (Table  1)  were  planted  in  flats 
of  sterilized  soil  in  the  greenhouse.   In  January,  1975,  the  clones  were  transplanted  to  60  10-gal  cans 
placed  on  the  rail  carts  of  the  breeding  greenhouse.   Three  months  later,  40  can  cultures  of  the  20 
clones  were  moved  from  the  greenhouse  carts  onto  the  carts  of  the  photoperiod  house;  a  single  can  of 
each  clone  was  placed  on  each  of  2  photoperiod  carts  and  one  can  of  each  was  left  on  the  greenhouse  carts 
as  controls. 


Research  at  this  location  is  done  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
—'1975  Alphabetical  list  of  sugarcane  varieties  (USDA). 
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Table  1.   Flowering  response  of  20  Saccharum  officinarum  L.  varieties  to  artificial  and  natural 


day  lengths 

at  Houma 

Louisiana 

,  during 

1975. 

2/ 
lengths- 

Natural 

day 

3/ 
lengths— 

Variety 

Fixed  day  lengths-!-' 
First 

Declining  day 

(control) 

First 

Stalks 

Stalks 

tassel 

Stalks 

Stalks 

tassel 

Stalks 

St 

alks 

Floral 

treated 

flowered 

emergence 

treated 

flowered 

emergence 

treated 

flowered 

.  .  .  ,  U 
initials-1' 

(No.) 
2 

(%) 
0 

(Date) 

(No.) 
3 

(%) 

0 

(Date) 

(No.) 

(%) 

(%) 

Badila 

4 

0 

0 

Bambu 

3 

100 

10/16 

3 

0 

- 

2 

0 

100 

Cavengerie 

2 

0 

- 

3 

0 

- 

5 

0 

0 

Crystalina 

3 

0 

- 

3 

0 

- 

2 

0 

0 

D.  74 

4 

0 

- 

6 

0 

- 

4 

0 

0 

Fiji  40 

5 

100 

10/14 

2 

100 

10/10 

4 

0 

75 

Lahaina 

4 

100 

11/4 

2 

0 

- 

3 

0 

100 

La.  Purple 

3 

0 

- 

3 

0 

- 

4 

0 

0 

La.  Stripe 

4 

0 

- 

5 

0 

- 

3 

0 

0 

NC  28-2 

3 

100 

11/8 

4 

0 

- 

1 

0 

100 

NG  23-14 

3 

100 

10/25 

3 

66 

10/18 

2 

0 

100 

NG  28-220 

4 

0 

- 

5 

20 

11/9 

4 

0 

0 

NG  28-288 

4 

75 

10/17 

4 

50 

10/12 

3 

0 

100 

NG  51-52 

6 

83 

10/24 

4 

100 

10/15 

5 

0 

80 

NG  51-144 

3 

100 

10/8 

3 

100 

10/5 

3 

0 

100 

NG  51-146 

3 

100 

10/3 

3 

100 

10/2 

2 

0 

100 

NG  51-163 

3 

100 

10/9 

3 

100 

10/5 

2 

0 

100 

Otaheite 

3 

100 

10/27 

4 

0 

- 

2 

0 

100 

SS  58-8 

5 

0 

- 

5 

0 

- 

5 

0 

0 

Vellai 

2 

100 

11/2 

4 

0 

- 

3 

0 

100 

Total  or  ave 


69 


60 


72 


63 


48 


— (l2  hr  25  min  daily  from  June  16  -  September  12,  1975. 

|/12  hr  28  min  to  12  hr  00  min  from  June  16  -  September  12,  1975. 

—^Supplemented  with  night  temperature  control  (20°C)  from  September  8  -  November  1,  1975. 

—'Canes  cut  open  and  examined  for  floral  initials  as  an  index  of  flowering  on  November  1,  1975. 

Concurrently  with  the  planting  of  the  _S.  of f icinarum  clones,  300  cans  were  planted  with  128 

genetic  stocks  including  28  clones  of  S^.  spontaneum,  29  of  commercial  and  near-commercial  interspecific 

hybrids,  and  71  new  selections  from  crosses  involving  commercial  x  S_.  spontaneum  and/or  S_.  robustum 

clones.   Can  cultures  of  each  of  the  3  classes  of  genetic  stocks  were  placed  on  outdoor  racks  and  on 
carts  of  the  photoperiod  house  and  breeding  greenhouse. 

The  can  cultures  were  watered,  fertilized,  and  treated  with  insecticides  as  needed.   Weak  suckers 
and  dry  leaves  were  removed  by  hand,  so  that  only  dominant  stalks  were  retained.   As  the  plants  grew, 
they  were  kept  erect  by  tying  them  to  tie-bars. 

Photoperiod  treatments  with  the  S.    offlcinarum  clones  were  started  on  June  16,  1975.   The  20  clones 
in  the  test  were  subjected  to  2  experimentally  controlled  photoperiod  regimes  as  well  as  to  natural 
day  lengths  on  the  rail  carts  of  the  breeding  greenhouse.   In  Treatment  ] ,  the  clones  were  subjected 
to  a  fixed  day  length  of  12  hr  25  min  from  June  16  to  September  12  (89  days).   In  Treatment  2,  the  same 
clones  were  subjected  to  day  lengths  declining  from  12  hr  28  min  to  12  hr  0  min  (1  min  every  third  day) 
for  89  days.   In  Treatments  1  and  2,  day  length  was  adjusted  by  varying  the  sunrise  time  rather  than 
sunset.   In  the  morning,  the  canes  were  moved  outside  into  sunlight  precisely  at  the  specified  time  and 
back  into  the  photoperiod  house  at  or  after  sunset.   Beginning  September  8,  the  control  group  on  the 
carts  of  the  breeding  greenhouse  were  rolled  indoors  at  night  where  the  temperature  was  maintained  at 
about  20°C. 

The  other  genetic  stocks  were  exposed  to  natural  conditions  except  those  on  2  remaining  photoperiod 
carts  and  on  the  carts  of  the  breeding  greenhouse.   Those  on  the  carts  were  rolled  indoors  at  sunset 
after  September  8  to  comply  with  photoperiod  schedules  and  to  protect  them  from  low  night  temperatures. 

When  signs  of  flowering  appeared  in  the  S_.  of f icinarum  clones  (and  in  other  genetic  stocks),  each 
stalk  was  air-layered  by  enclosing  2  nodes  in  a  special  soil  mixture  surrounded  by  black  polyethylene 
film;  every  live-rooted  flowering  stalk  was  then  handled  individually  at  the  time  of  crossing.   Ml 
crosses  were  made  in  the  cubicles  of  the  breeding  greenhouse. 
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RESULTS 


Treatment  1 . 

c   M^fn,T;  officlnarum  clones  were  subjected  to  a  fixed  day  length  of  12  hr  25  min  for  89  days   tassels 
of  NG  51-146  emerged  first  on  October  3,  and  those  of  NG  28-2  last,  on  November  8   1975  (Table  1) 
Twelve  of  the  20  clones  tested  were  induced  to  flower.   Tasseling  was  profuse,  with  all  40  stalks'of  the 
1/  clones  producing  tassels. 

Treatment  2. 

The  20  S.  officinarum  clones  were  subjected  to  day  length  declining  from  12  hr  28  min  to  12  hr  0 
mm  (1  min  every  third  day)  for  89  days.   Only  8  clones  flowered  (Table  1).   Tassels  of  NG  51-146 
emerged  first,  on  October  2,  and  those  of  NG  28-220  last,  on  November  9,  1975.   NG  28-220  did  not 
flower  in  Treatment  1,  nor  did  it  produce  floral  initials  in  the  control  group.   The  8  nobles  induced 
to  flower  under  the  declining  day  length  produced  20  tassels. 

Controls 

No  external  signs  of  flowering,  such  as  short-leafing,  booting,  or  flagging,  were  observed  in  any 
ot  the  20  S.  officinarum  clones  subjected  to  naturally  declining  day  lengths,  with  night  temperature 
control,  on  the  carts  of  the  breeding  greenhouse  from  September  8  (12  hr  32  min)  to  November  1   1975 


Crosses  with  S_.  officinarum  clones. 

Among  118  basic  crosses  made  during  the  1975  breeding  season,  29  involved  the  use  of  13  S.  officinarum 
clones  (Table  2).   The  £.  officinarum  clones  were  used  as  females  and  the  S^.  spontaneum  and  S. 
robustum  selections  were  used  as  males.  ' — 

Table  2.   Noble  canes  in  crosses  at  Houma,  Louisiana,  1975. 


Female 
noble  parent 


S.  spontaneum  lines 
Tassels   Viable  seeds 
(No . ) (No.) 


Male  Parent 


S.  robustum  x  S.  spontaneum  hybrids 


Tassels 
(No.) 


Viable  seeds 
(No.) 


Bambu 
Fiji  40 
Lahaina 
NG  28-2 
NG  28-14 
NG  28-220 
NG  28-288 
NG  51-52 
NG  51-144 
NG  51-146 
NG  51-163 
Otaheite 
Vellai 


Total 


4 

0 

6 

802 

2 

0 

1 

832 

3 

624 

1 

105 

4 

820 

7 

421 

4 

880 

4 

413 

6 

2700 

2 

0 

4 

7597 

0 
812 


1170 


1982 


Many  of  the  S_.  officinarum  tassels  were  in  poor  condition  as  a  result  of  being  left  outdoors 
during  unusually  cool  weather  that  persisted  after  September  21.   Some  of  the  male  parents,  which 
came  from  outdoor  racks,  also  were  exposed  to  cool  weather  until  they  were  moved  inside  and  set  in 
crosses  with  the  S.  officinarum  clones  during  the  period  October  7  -  November  17.   The  weakened  condition 
of  the  tassels  was  very  likely  responsible  for  the  generally  poor  production  of  viable  true  seeds  from 
these  crosses. 

Seed  production  was  obtained  with  8  S.    officinarum  clones  originally  collected  in  New  Guinea  (NG) 
and  with  Fiji  40.   Male-sterile  tassels  of  noble  clones  from  both  Treatment  1  and  Treatment  2  were 
observed  to^produce  viable  seeds.   The  poorest  performance  was  shown  by  'Bambu',  'Lahaina',  'Otaheite', 
and  'Vellai'  (Table  2).   The  highest  seed  set  (832  per  tassel)  was  obtained  from  a  cross  in  which 
NG  28-2  was  the  female  and  US  72-41  the  male.   US  72-41  is  an  F1  from  a  cross  between  L  60-25  and 
S^.  spontaneum  SES  6.   The  total  number  of  seeds  produced  by  all  of  the  crosses  involving  S.  officinarum 
was  estimated  to  be  9579. 
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DISCUSSION 

Clones  of  S.  of f Iclnarum,  the  tropical  species,  have  never  been  known  to  flower  under  natural 
conditions  at  Houma,  Louisiana  (L  29°35'N). 

In  1975,  a  significant  step  in  the  basic  breeding  work  was  achieved  when  13  S_.  of f icinarum  clones 
were  made  to  flower  early  by  artificially  controlling  the  photoperiod.   Under  fixed  day  lengths  of 
12  hr  25  min  (89  days),  12  of  the  20  clones  in  the  test  flowered  early.   Under  declining  day  lengths 
of  12  hr  28  min  to  12  hr  0  min  (89  days),  8  of  the  20  clones  were  induced  to  flower.   Clones  under 
declining  day  lengths  flowered  somewhat  earlier  than  those  under  fixed  day  lengths.   Flowering  in  both 
treatments  occurred  between  October  3  and  November  11,  1975. 

On  November  1,  no  external  signs  of  flowering  were  apparent  in  the  control  group.   However,  internal 
examination  revealed  the  presence  of  floral  initials,  some  aborted,  in  the  same  12  noble  clones  that  had 
already  flowered  or  were  about  to  flower  under  artificially  fixed  day  lengths.   A  few  tassels  from  the 
stronger  stalks  in  the  control  group  might  have  emerged  if  left  for  several  months.   However,  flowering 
would  certainly  have  occurred  too  late  to  cross  with  the  early  flowering  S,    spontaneum  clones  and  those 
of  the  early-generation  S_.  spontaneum  and  ^.  robustum  selections  from  new  breeding  lines. 

Work  with  the  S.  of f icinarum  species  is  continuing,  and  it  is  anticipated  that  more  of  this 
essential  germplasm  will  be  used  in  crosses  to  broaden  the  genetic  base  and  to  develop  new  high- 
yielding  sugarcanes  for  the  subtropics. 
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FACTORS  AFFECTING  THE  SEED  SET  OF  SUGARCANE 

Elias  D.  Paliatseas 
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Baton  Rouge,  Louisiana 


ABSTRACT 


The  number  of  seedlings  produced  annually  at  Baton  Rouge,  Louisiana,  from  bi-pa rental  crosses 
were  between  200,000  and  300,000.   Although  the  number  of  seedlings  per  tassel  or  the  number  of 
seedlings  per  gram  of  fuzz  did  not  vary  very  much,  on  the  average,  from  year  to  year,  the  number  of 
seedlings  per  tassel  between  and  within  crosses  varied  tremendously.   The  differences  were  due  to 
the  amount  and  viability  of  the  pollen  available  and  to  the  degree  of  sexual  compatibility  between 
varieties.   The  factors  affecting  the  production  and  viability  of  pollen  affect  the  seed  set  as  well. 
One  of  these  factors  is  temperature;  under  temperatures  of  80-85  F  (day)  and  70-75  F  (night),  a 
maximum  seed  set  per  tassel  or  per  gram  of  fuzz  is  achieved.   Under  temperatures  of  70-75  F  (day) 
and  60-65  F  (night),  the  seed  set  per  tassel  was  substantially  lower,  while,  under  temperatures  of 
60-65  F  (day)  and  50-55  F  (night),  the  seed  set  per  tassel  was  practically  zero.   Under  favorable 
temperature  conditions  for  pollen  production,  i.e.,  temperatures  of  80-85  F  and  night  temperatures 
of  70-75  F.,  there  were  some  variations  in  seed  set  per  tassel  due  to  pollination  practices  and  to 
the  way  the  tassels  of  sugarcane  are  grown  or  preserved.   During  the  time  the  anthers  open  up,  one  or 
two  pollinations  were  enough  for  a  maximum  seed  set  per  tassel.   However,  two  or  three  pollinations 
before  or  after  the  opening  of  the  anthers  resulted  in  a  considerably  lower  seed  set  per  tassel. 


INFLUENCE  OF  PLANTING  DATE  ON  SUGARCANE 
VARIETY  YIELDS  IN  LOUISIANA^ 

R.  J.  Matherne 
U.  S.  Sugarcane  Field  Laboratory 
ARS,  USDA 
Houma,  Louisiana   70361 

ABSTRACT 

The  commercial  sugarcane  varieties  CP  61-37,  L  60-25,  L  62-96,  L  65-69,  and  CP  65-357  were  tested 
to  determine  their  response  in  yield  of  tons  of  cane  per  acre,  theoretical  recoverable  sugar  per  ton, 
and  recoverable  sugar  per  acre  for  August  15,  September  1,  and  October  1  plantings.   A  significant 
interaction  occurred  between  varieties  and  yield  of  cane  and  sugar  per  acre  at  different  planting  dates. 
Data  from  4  years  of  testing  showed  that  CP  61-37  yielded  the  same  in  tons  of  cane  per  acre  for  all 
planting  dates.   L  60-25  yielded  significantly  better  when  planted  in  August  than  when  planted  in  October, 
and  the  September  planting  ranked  between  the  August  and  October  planting  dates  but  was  not  significantly 
different  from  either.   L  62-96  yielded  significantly  better  when  planted  in  August  than  when  planted  in 
September  or  October.   One  year's  data  with  CP  65-357  and  L  65-69  also  showed  interaction.   September  and 
October  planting  of  CP  65-357  showed  the  highest  yields  of  cane  per  acre.   L  65-69  yielded  about  the  same 
for  all  planting  dates.   CP  61-37  was  the  only  variety  with  significantly  higher  sugar  per  ton  yield  due 
to  early  planting. 

INTRODUCTION 

Planting  dates  of  Louisiana  sugarcane  have  changed  through  the  years  with  the  introduction  of  new 
varieties  and  improvements  in  cultural  practices.   The  noble  varieties,  Saccharum  officinarum  L. ,  were 
planted  in  the  spring.   Cane  to  be  planted  was  cut  in  the  fall  before  a  killing  freeze,  laid  down  between 
the  rows,  and  covered  with  leaves  and/or  soil.   This  practice,  called  windrowing,  was  used  to  protect 
the  cane  from  the  winter  freezes.   Some  windrowed  cane  was  sent  to  the  mill  but  a  sufficient  quantity 
was  kept  for  seed  to  plant  the  next  crop  the  following  spring.   During  the  mid  1920's  and  early  1930's 
the  POJ,  Co,  and  CP  varieties  were  introduced  (interspecific  hybrids  of  Saccharum  sp.)  which  were  generally 
more  tolerant  to  cold  and  less  desirable  for  windrowing.   These  varieties  generally  responded  best  to 
fall  or  summer  plantings.   Arceneaux  (1,  2)  found  that  among  these  varieties  there  was  an  interaction 
between  planting  dates  and  yields  of  cane  per  acre  the  next  year.   He  reported  that  varieties  POJ  213, 
POJ  234,  and  POJ  36  M  yielded  best  when  planted  in  October  or  early  November,  but  varieties  Co  290, 
Co  281,  CP  807,  and  CP  28-19  yielded  best  when  planted  in  early  August.   During  the  early  1930' s  there 
was  a  major  shift  from  spring  to  fall  planting  (3). 

Matherne  (5)  reported  in  1964  that  CP  44-101,  CP  52-68,  CP  55-30,  and  NCo  310  responded  best  to 
September  planting.   CP  52-68  made  its  lowest  yield  with  October  planting,  and  CP  55-30  was  lowest  with 
August  planting. 

Excessive  rainfall  during  normal  planting  periods  can  prevent  growers  from  completing  their  planting 
as  scheduled.   In  recent  years,  a  return  to  spring  planting  as  a  means  to  complete  planting  of  the  crop 
has  been  considered.   With  windrowing  no  longer  considered  feasible,  Fanguy  and  Benda  (4)  spring-planted 
cane  imported  from  Florida.   However,  yields  of  cane  per  acre  were  considerably  below  those  of  cane  of 
the  same  variety  planted  in  the  fall. 

Changes  in  varietal  utilization  (6)  are  continuous,  and  prior  testing  (1,  2,  5)  has  indicated  that 
varieties  react  differently  to  dates  of  planting.   Data  on  date  of  planting  for  the  current  leading 
commercial  varieties  are  summarized  in  this  report  and  preliminary  data  on  the  newer  varieties  are  given. 

MATERIALS  AND  METHODS 

Three  commercial  sugarcane  varieties,  CP  61-37,  L  60-25,  and  L  62-96,  were  included  in  date  of 
planting  experiments  in  1968,  1969,  1973,  and  1974.   In  1972,  the  varieties  L  60-25,  L  62-96,  L  65-69, 
and  CP  65-357  were  planted.   No  experiments  were  initiated  in  1970  and  1971  due  to  excessive  rainfall  in 
August  and  September.   In  every  experiment,  3  dates  of  planting  were  made:   August  15,  September  1,  and 
October  1.   Harvest  occurred  in  early  December  in  the  year  immediately  following  planting. 

All  experiments  were  conducted  on  mixed  alluvial  soil  (Mhoon  silt  loam)  at  the  Houma  Sugarcane 
Laboratory.   The  split-plot  design  was  used  with  varieties  as  the  main  plot  factor  and  the  planting  dates 
as  the  subplot  factor.   Subplots  were  1/120  acre  and  replicated  four  times.   All  plots  were  cut  by  hand 
and  weighed  with  a  hydraulic  tractor-mounted  scale.   Fifteen-stalk  samples  were  pulled,  weighed,  and 


—  A  contribution  from  the  Southern  Region,  ARS,  USDA  in  cooperation  with  the  Louisiana  Agricultural 
Experiment  Station. 
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milled  for  stalk  weight  and  juice  quality  analyses.  Data  from  field  weights  and  juice  quality  were  used 
to  calculate  yield  of  tons  of  cane  per  acre,  theoretical  sugar  per  ton  of  cane,  and  sugar  per  acre  All 
data  were  analyzed  using  the  analysis  of  variance. 

RESULTS  AND  DISCUSSION 
The  average  yields  of  CP  61-37,  L  60-25,  and  L  62-96  for  the  4  years  are  found  in  Table  1. 

Table  L Average  yields  in  the  plant  cane  crop  with  3  varieties  for  the  years  1969,  1970,  1974,  and  1975. 

Date Varieties 

— Cp  61~37 , L  60-25  L  62-96 


41.7  a 
32.0  d 
35.0  cd 


Yields  of  cane  per  acre  (tons) 

August  15  40.2  ab^  ^8.8  ab 

September  1  39.7  ab  36.8  be 

October  1  38.9  ab  34.3  cd 

Yields  of  sugar  per  ton  of  cane  (lb) 

August  15  224  b  237  a  247  a 

September  1  219  be  241  a  246  a 

October  1  211  c  238  a  247  a 

Yields  of  sugar  per  acre  (lb) 

August  15  9005  b  9196  b 

September  1  8694  be  8869  be 

October  1  8208  be  8163  be 


10300  a 
7872  c 
8645  be 


-Means  followed  by  the  same  letter  are  not  significantly  different  at  the  5%  level  of  probability. 

CP  61-37  showed  no  significant  differences  in  yields  of  cane  per  acre  for  the  3  planting  dates.   The 
August  and  September  planting  dates  of  CP  61-37  did  show  an  increase  in  sugar  per  ton  yield.   Arceneaux 
(2)  reported  similar  responses  with  varieties  Co  281,  Co  290,  and  CP  307. 

L  60-25  and  L  62-96  responded  best  to  the  August  planting  in  yields  of  cane  per  acre.   These 
varieties  showed  no  differences  in  yield  of  sugar  per  ton  due  to  planting  dates. 

Table  2  shows  the  yield  of  the  more  recent  commercial  varieties  L  65-69  and  CP  65-357.   Yields  in 
tonnage  for  L  65-69  were  not  significantly  different  for  the  3  planting  dates.   CP  65-357  had  significantly 
better  cane  per  acre  yields  with  the  September  and  October  plantings.   L  65-69  and  CP  65-357  showed  no 
significant  differences  in  sugar  per  ton  yields  due  to  planting  dates. 

Table  2.   Average  yields  of  plant  cane  crop  with  4  varieties  during  1973. 


Date Varieties 


August  15  36.7  bcl/ 


L  60-25 L  62-96 L  65-69  CP  65-357 


September  1  38 . 1  b  22.4  f  33.2  d 

October  1  33.9  cd  29.6  e  35.' 4  bed 

Yields  of  sugar  per  ton  of  cane  (lb) 


Yields  of  cane  per  acre  (tons) 

38.1  b  33.0  d  29.6  e 

37.1  b 

42.7  a 


August  15  256  262  246 

September  1  259  247  261 


261 

256 

October  1  259  264  266  274 

LSD  -05  NS  NS  NS  NS 


Yields  of  sugar  per  acre  (lb) 

August  15  9395  be  9982  b  8118  cd  7726  d 

September  1  9868  b  5533  e  8665  bed  9498  be 

October  1  8780  bed  7814  d  9416  be  11700  a 


Means  followed  by  the  same  letter  are  not  significantly  different  at  the  5%  level  of  probability. 
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The  yields  of  cane  per  acre  are  illustrated  graphically  in  Fig.  1.   L  62-96  showed  a  tremendous 
advantage  from  August  planting.   CP  65-357  showed  a  tremendous  advantage  from  October  planting.   Moderate 
advantage  was  gained  in  August  planting  with  L  60-25,  and  CP  61-37  responded  equally  well  at  all  planting 
dates. 
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Fig.  1.   Effect  of  date  of  planting  on  yield  of  cane  per  acre. 

Prevailing  weather  conditions  at  planting  complicate  interpretation  of  date  of  planting  experiments. 
Therefore,  several  years  of  testing  are  necessary  before  any  conclusions  can  be  made  regarding  optimum 
planting  dates. 

It  is  standard  practice  to  begin  planting  in  Louisiana  during  August.   Results  from  these  experiments 
indicate  that  CP  61-37,  L  60-25,  and  L  62-96  are  well-suited  to  August  planting.   August  planting  of 
L  62-96  is  almost  mandatory  if  good  yields  in  the  plant  cane  crop  are  to  be  obtained.   A  secondary  benefit 
from  planting  CP  61-37  early  is  the  apparent  increase  in  juice  quality  at  harvest.   However,  this  early 
planting  is  sometimes  limited  due  to  the  high  rainfall  during  August. 

The  varieties  L  60-25,  CP  61-37,  and  CP  65-357  yield  well  when  planted  in  September.   Most  years' 
climatic  conditions  are  more  favorable  to  September  planting  than  to  August  and  October  planting. 

The  varieties  best  suited  for  October  planting  are  CP  65-357,  L  65-69,  and  CP  61-37.   Growers' 
experience  is  in  agreement  with  preliminary  data  of  CP  65-357  and  indicates  that  this  variety  is  not 
adapted  to  early  planting. 

These  results  follow  closely  the  pattern  obtained  by  previous  investigators  (1,  2,  5).   A  significant 
interaction  occurred  between  varieties  and  yield  of  cane  per  acre,  yield  of  sugar  per  ton,  and  yield 
of  sugar  per  acre  at  different  planting  dates.   Therefore,  if  a  grower  is  to  attain  maximum  yield  from 
the  present  and  future  varieties,  he  must  follow  a  definite  planting  schedule  for  individual  varieties. 
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GENETIC    BEHAVIOR   OF    RESISTANCE    TO   LODGING    IN 
PROGENIES    OF    FOUR   SUGARCANE  CROSSES*/ 

Howard    P.    Viator   and  M.    T.    Henderson 

Louisiana  Agricultural   Experiment    Station 

Baton   Rouge,    Louisiana      70803 

ABSTRACT 

A  study  of  the  genetic  behavior  of  resistance  to  lodging  in  sugarcane  was  conducted  from  1973  to 
1975.   In  the  experiment,  100  randomly  chosen  clones  from  the  progenies  of  each  of  four  biparental 
crosses,  along  with  six  replications  of  the  parental  clones,  were  grown  in  10-foot  clonal  plots.   Prior 
to  harvest  each  year,  each  plot  of  the  clones  of  the  progenies  and  the  parents  was  classified  for 
lodging  by  a  newly  devised  system  based  on  a  visual  estimate  of  the  percentage  of  severely  lodged 
stalks.   Other  traits  for  which  data  were  taken  were  stalk  length,  stalk  weight,  stalk  diameter, 
estimated  fiber  percent  in  cane,  and  juice  quality.   The  data  clearly  indicate  that  crosses  involving 
erect  parents  produce  the  highest  frequency  of  erect  segregates.   Unlike  a  typically  quantitative 
trait,  the  frequency  distribution  in  percent  lodging  for  the  progenies  derived  from  the  four  crosses 
did  not  fit  a  normal  curve.   In  fact,  all  lodging  classes  tended  to  have  similar  numbers  of  segregates. 
There  was  some  evidence,  although  it  was  not  statistically  significant,  that  transgress ive  segregation 
occurred  since  197,  of  the  clones  in  the  progenies  was  outside  the  ranges  of  the  parental  clones.   The 
average  value  of  the  correlation  coefficient  between  percent  lodging  in  one  year  and  the  mean  percent 
lodging  of  both  years  was  a  positive,  highly  significant  .84.   This  is  an  indication  of  heritability 
and  suggests  that  selection  of  erect  clones  from  small,  unreplicated  clonal  plots  in  a  single  season 
would  be  reasonably  effective.   Since  only  207„  of  the  clones  erect  in  a  normal  lodging  year  was  also 
erect  the  following  year,  in  which  a  hurricane  occurred,  it  is  evident  that  selection  under  normal 
lodging  conditions  would  not  be  effective  in  identifying  those  clones  that  would  remain  erect  after 
severe  lodging  has  occurred.   However,  the  data  indicate  that  extremely  decumbent  clones  could  be 
effectively  discarded  on  the  basis  of  a  single  year's  data.   An  undesirable  positive  association  was 
found  between  lodging  and  stalk  length.   As  expected,  there  was  a  measurable  tendency  for  the  tallest 
clones  in  the  progenies  to  display  the  greatest  lodging.   This  emphasizes  the  need  for  early  selec- 
tion for  erectness  .   No  association  was  found  between  erectness  and  stalk  diameter,  estimated  fiber 
percent  in  cane,  brix ,  or  sucrose. 

INTRODUCTION 

Since  the  advent  of  the  soldier-type  harvester  in  Louisiana,  stalk  erectness  has  been  of  utmost 
importance  to  the  sugar  industry.   Recent  advances  in  harvest  machinery  may  eventually  remove  the 
requirement  for  rigid  selection  for  erectness  and  thus  provide  greater  latitude  for  selection  of 
agronomic  traits.   However,  at  present  growers  need  erect  varieties  because  of  the  detrimental  effect 
that  lodged  cane  has  on  juice  quality  and  harvestability . 

Several  researchers  (2,  3,  5,  7,  8)  have  shown  heritability  of  stalk  erectness  to  be  low  and 
have  concluded  that  rigid  selection  for  lodging  resistance  either  among  seedlings  or  among  clones  in 
one  season  would  be  ineffective. 

Breaux  (1)  concluded,  after  investigating  the  effectiveness  of  selection  for  erectness  as 
practiced  in  the  breeding  program,  that  efforts  to  increase  the  frequency  of  erect  clones  were  effec- 
tive only  if  selection  was  practiced  in  clonal  plots  not  severely  lodged  by  wind  and  rain. 

Past  research  (1,  5,  6)  has  provided  data  indicating  undesirable  associations  between  stalk 
erectness  and  stalk  diameter,  weight,  and  length. 

Unselected  progenies  of  4  biparental  crosses  were  grown  from  197  3  to  1975  to  gather  data  that 
would  provide  information  on  the  manner  in  which  erectness  is  inherited  in  order  to  determine  the 
effectiveness  of  selecting  for  that  trait.   An  additional  objective  was  to  identify  any  association 
between  erectness  and  certain  other  characters  which  might  hinder  the  ease  by  which  erect  varieties 
could  be  developed. 


1_/The  assistance  of  the  American  Sugar  Cane  League,  members  of  the  U.  S.  Sugarcane  Laboratory,  Houma. 
La.,  and  the  Louisiana  Agricultural  Experiment  Station,  Baton  Rouge,  La.,  made  this  research 
possible . 
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MATERIALS   AND  METHODS 

The  materials    used   in   this    study   included   the   unselected   progenies    of  4   biparental   crosses.      The 
4   biparental   crosses--CP   65-357   x   CP  62-258,    L  60-25  x  CP  66-346,    CP  52-68  x    L  65-69,    and   CP  65-357   x 
L  65-69--were   grown   as    plant   cane,    first   stubble,    and   second   stubble. 

The  materials    were   obtained   from  the   U.    S.    Sugarcane   Laboratory    in  Houma,    Louisiana.      In  the 
fall   of    1972,    100   single   stools   were   chosen   from  each   of   the  4   crosses.      A    10-foot   unreplicated 
clonal    plot   was    established    from   each  of   the   400  single   stools   at    the   St.    r-abriel  branch   of   the 
Louisiana   Agricultural   Experiment   Station.      Six   replications    of   each  of   the   8    parental  varieties   were 
scattered   among   the    plots    of   the   experimental   clones . 

Each  year  the   clonal    plots   were   classified   by  a   system  that  was    described   in  a    paper   presented 
at    the    1974    Joint  Meeting  of   ASSCT    (9).      This    system,    termed   the   %   lodging   system,    consisted   of  a 
visual   estimate    for   each    plot   of   the    percentage   of   stalks   which   were    lodged,    with    lodged   stalks 
defined   as    those  which    lean   from   the   completely   upright   or  vertical   position   by   at    least   45   degrees. 

For  all   years,    data  were   obtained    for  stalk  erectness    and   for  certain  years    data  were   recorded 
for    laboratory   brix,    sucrose,   mean  stalk    length,   mean  stalk  weight,   mean   stalk  diameter,    and    esti- 
mated   fiber   percent    in   cane   by   the   procedure   described  by  Henderson   et   al.     (4). 

RESULTS   AND   DISCUSSION 

On   September   7,    1974,   Hurricane   Carmen  caused   early   and  severe    lodging  among   the   plots    in   the 
first   stubble   crop.      However,    the   relative   behavior   of   the    parents    later    in   the   year  was    in  general 
agreement   with    the   normal    lodging   behavior   of    1973.      Because   of   the  agreement    in   relative  behavior  of 
the    parental  varieties    during    1973   and    1974,    it  was    felt    that   averaging   the    2   years    for   the    purpose 
of   interpreting   the   behavior   of   the    progenies   would   provide   a  more   accurate   evaluation   of   the   inheri- 
tance  of    lodging   behavior.      Therefore,   mean   erectness    as    an  average  of   1973  and    1974  was    obtained   for 
the   parents    and   progenies    of   the   crosses    and   frequency   distributions   of   these  are   presented   in 
Tables    1   through   4. 

Table    1.      Frequency   distributions    in   %   lodging   classes    for    the    parents,    CP   52-68   and    L  65-69,    and 

the   experimental   clones    as    a  mean  of   the   plant   cane   crop   in    1973   and    the   first   stubble 
crop   in    1974. ^ 

No.    of   clones    and   percent   of   progeny    in 
each   of   the    following   %   lodging   classes 


Population 0  10  20          30          40          50          60          70          80          90           100     Total  Mean 

CP  52-68                                   3  3                                                                                                                                        6  7.5 

L  65-69                                                                                                        113             1                                        6  69.2 

Progeny    (no.)                        8  7  17           10           15          12             3             7            4             3             2          88  40.3 

Progeny    (%)                             9  8 


Table   2.      Frequency   distributions    in   %   lodging   classes    for   the    parents,    L  60-25   and   CP  66-346,    and 
the    experimental   clones    as    a   mean   of    the    plant    cane   crop   in    1973   and    the    first   stubble 


1 

1 

3 

1 

17 

10 

15 

12 

3 

7 

4 

3 

2 

19 

11 

17 

14 

3 

8 

5 

3 

2 

crop   in   1974. 


No.  of  clones  and  percent  of  progeny  in 
each  of  the  following  %   lodging  classes 


Population 0    10    20    30    40    50    60    70    80    90    100   Total    Mean 

L  60-25  113  1  6  61.7 

CP  66-346  13  2  6  24.2 


3 

2 

11 

11 

12 

14 

13 

13 

14 

17 

Progeny  (no.)  4     8    11    11    12    14     7     8     3     3     2    83      44.3 

Progeny  (7„)  5    10    13    13    14     17     8    10     4     4     2 
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Table  3.   Frequency  distributions  in  %  lodging  classes  for  the  parents,  CP  65-357  and  CP  62-258,  and 

the  experimental  clones  as  a  mean  of  the  plant  cane  crop  in  1973  and  the  first  stubble  crop 
in  1974. 

No.  of  clones  and  percent  of  progeny  in 
each  of  the  following  7,  lodging  classes 


1 

6 
6 

32.5 

46.7 

4 

10 

3 

8 

76 

52.5 

5 

13 

4 

11 

Population 0  10    20  30  40  50    60    70    80    90     100   Total    Mean 

CP  65-357  12  2 

CP  62-258  1  2  12 

Progeny    (no . )                        6  7             6  7  9  8             8 

Progeny    (%)                             8  9             8  9  12  11           11 


Table   4.      Frequency  distributions    in   %  lodging   classes    for   the    parents,    CP  65-357   and   L  65-69,    and 

the   experimental   clones    as    a  mean  of   the   plant   cane   crop   in    1973   and    the    first   stubble 
crop   in    1974. 

No.    of   clones    and   percent   of   progeny   in 
each   of   the   following   %   lodging  classes 


Population 0  10          20          30  40  50          60  70          80  90           100      Total  Mean 

CP  65-357  113  1                                                                    6  32.5 

L  65-69  2  4                                        6  69.2 

Progeny    (no.)                        5  7             7             6  10  16             9  10           10  8            4          92  54.4 

Progeny    (%)                             5  8             8             7  11  17           10  11           11  9            4 


Unfortunately,    due   to    the   very    light    lodging    in    1975,    the   behavior   of   the    parental   varieties 
did   not    provide   adequate   distinction   between    lodging   types    nor  was    it    related   to    their  behavior    in 
the   2    previous    years.      Therefore,    it   was    decided   that    the    1975    data   should   not    be   included  with    the 
1973   and    1974   data   and   is    not    reported  here. 

Similar   to   their   behavior   under    long-term  observations,    the   varieties    ranged   in    lodging   behavior 
from   resistant    to   susceptible.      CP  52-68  was    the  most   resistant  variety,    CP   65-357    and   CP  66-346   were 
moderately   resistant,    CP  62-258  was   moderately   susceptible,    and    L  65-69   and    L  60-25  were   susceptible 
to    lodging . 

It   is    apparent,    as    other  workers   have   indicated,    that    inheritance   of    lodging   resistance    is 
quantitative   in  nature.      The    frequency   distributions    exhibited   certain    features    that   are   typical   of 
quantitative    traits.       Both    the   replications    of    the    parental    clones    and   the   randomly   selected   experi- 
mental  clones    did   not   occur    in   a    few   qualitative   classes    but   occurred    in   a    large   number   of   continu- 
ously varying   classes,    indicating   a   strong   environmental    influence. 

Although    the  variation   among    the    phenotypic    classes    was    indicative   of   a   quantitative    trait, 
the   frequency   distributions    of   the   progenies    exhibited   certain   features    uncharacteristic   of  a   normal 
distribution.       For   no   cross    did    the    population    fit   a   normal   curve.       In    fact,    all    lodging   classes 
tended   to  have   similar   numbers    of   segregates  . 

In    3   of   the    crosses    the    progeny  mean  was    intermediate    to    the    parental  means    and    essentially    the 
same   as    the   arithmetic    average   of   the   2    parental  means ,    whereas    in   1   cross    (Table    3)    the    progeny  mean 
was   higher   than   either   parent.      There  was    a   tendency   in   the    progenies    for  the   frequency   of  clones 
susceptible   to    lodging    to    exceed   that   of   resistant   clones.      As    an  average  of   all   crosses,    55%  of   the 
experimental   clones   were   above   the   arithmetic   average   of   the    2    parents    in   7a   lodging. 

For   each   cross    an   analysis    of   variance,    using    1973   and    1974    as    replications,    revealed   that 
there  were   no   experimental   clones    either   significantly   superior    in   erectness    to   the  mean  of   the  more 
resistant    parent   or   significantly    inferior   to    the  mean   of   the  more   susceptible    parent. 

However,    despite    the    lack  of  statistical   support    for   transgressive   segregation,    it    is    evident 
that    there  were   some   clones    among    the   progenies    that   were   equal   to   or    lower   than   the  most   erect 
parent    in   °L  lodging.      Nineteen   percent   of   the   clones    in   the    progenies   was    outside   the   range  of   the 
parental   clones.      There  were   over   twice   as   many  segregates    above   the   range   of   the  more   susceptible 
parent    than   below   the   range   of   the  more   erect    parent. 

The   data    suggest    that    the    lodging   tendencies    of    the    progenies    was    influenced   strongly    by   the 
lodging   behavior   of   the    parents.      In   general,    the    parents    with    the    lowest   means    tended   to    produce 
the  highest    frequency  of   erect   segregates.      This    can   be   shown   by   the    fact    that    the  cross    CP  52-68   x 
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L  65-69  (Table  1)  had  over  10%,  more  segregates  exhibiting  20%,  or  less  lodging   than  the  cross  CP  65-357  x 
L  65-69  (Table  4),  indicating  the  superiority  of  an  erect  parent  over  a  moderately  erect  parent  in  the 
ability  to  transmit  genes  for  erectness  to  the  progeny. 

In  order  to  obtain  an  indication  of  heritability ,  or  the  proportion  of  the  total  variation  that 
is  genetic  in  nature,  correlation  coefficients  between  erectness  classification  values  in  1973  and 
1974  were  calculated.   The  r  value  as  an  average  of  all  crosses  was  .41.   This  positive,  highly  signi- 
ficant r  value  indicated  a  moderate  agreement,  meaning  that  there  was  a  moderate  tendency  for  clones 
exhibiting  a  particular  behavior  in  1  year  to  exhibit  the  same  behavior  in  the  other  year. 

However,  it  is  evident  from  this  correlation  coefficient  that  limited  success  would  be  realized 
from  selection  of  erect  clones  based  on  1  year's  results.   For  a  more  accurate  indication  of  heri- 
tability, correlation  coefficients  between  erectness  classification  values  of  clones  in  individual  years 
and  the  mean  erectness  classification  values  of  both  years  were  calculated  for  each  cross.   The  average  r 
value  for  all  crosses  between  °L   lodging  in  either  year  and  the  mean  %,  lodging  of  both  years  was  a  positive, 
highly  significant  .84.   This  high  indication  of  heritability  suggests  that  selection  of  erect  clones  from 
small,  unreplicated  clonal  plots  in  a  single  season  would  be  reasonably  effective. 

An  additional  measure  of  the  effectiveness  of  selection  based  upon  1  season's  results  is  a 
comparison  of  the  frequency  of  erect  clones  of  the  entire  progeny  to  the  frequency  of  erect  clones 
of  a  selected  progeny.   Of  the  339  clones  tested  in  the  4  unselected  progenies,  74  clones,  or  22%, 
had  20%  or  less  lodged  stalks  as  an  average  of  both  years,  1973  and  1974.   If  selection  had  been 
practiced  among  the  clones  of  the  plant  cane  crop  in  1973  for  all  clones  with  20%,  or  less  lodged 
stalks,  200  clones  would  have  been  acceptable.   Of  these  200  clones,  73  were  also  acceptable  as  an 
average  of  both  years.   Therefore  37%  of  the  segregates  selected  in  1973  would  have  been  acceptable 
as  an  average  of  both  years .   This  represents  a  net  gain  of  only  18%  for  the  selected  progeny  over 
the  unselected  progeny. 

The  negligible  gain  from  selection  in  1973  was  apparently  due  to  the  fact  that  many  susceptible 
clones  in  the  progenies  failed  to  lodge  despite  their  susceptibility. 

A  far  greater  gain  of  70%,  would  have  been  realized  if  selection  had  been  practiced  in  the  first 
stubble  crop  in  1974.   Since  70%  of  the  clones  erect  in  1974  were  considered  erect  as  an  average  of 
both  years,  it  is  evident  that  most  clones  which  remained  erect  after  severe  lodging  occurred 
possessed  resistant  genotypes. 

Furthermore,  closer  examination  of  the  data  revealed  that  selection  under  normal  lodging  condi- 
tions would  not  be  effective  in  identifying  those  clones  that  would  remain  erect  after  severe  lodging 
has  occurred.  As  an  average  of  the  progenies  of  the  4  crosses,  only  20%,  of  the  clones  erect  in  the 
normal  lodging  year  of  1973  were  erect  the  following  year  in  which  a  hurricane  occurred.  On  the 
other  hand,  since  95%  of  the  unacceptable  clones  in  the  normal  lodging  year  were  considered  unaccept- 
able the  following  hurricane  year,  it  was  concluded  that  clones  decumbent  under  normal  lodging  condi- 
tions would  also  be  decumbent  after  severe  lodging  has  occurred,  and  could,  therefore,  be  effectively 
discarded . 

Associations,  as  determined  by  correlation  coefficients  between  %  lodging  and  other  important 
economic  characters,  were  determined.   Table  5  contains  the  correlation  coefficients  for  the  4  crosses 
between  the  average  %  lodging  of  1973  and  1974  and  several  other  economically  important  characters. 

As  can  be  observed  in  Table  5,  the  r  values  between  %  lodging  and  stalk  diameter,  estimated 
fiber  percent  in  cane,  and  juice  quality  components  were  neither  significant  nor  indicated  an 
important  degree  of  association. 

Table  5.   Correlation  coefficients  between  %  lodging  and  several  other  economically  important 
characters  measured  for  the  clonal  plots  of  the  4  crosses. 


Characters  correlated 
with  %,  lodging 


Correlation  coefficients  for  cross  no. 


Stalk  length 

Stalk  diameter 

Stalk  weight 

Estimated  fiber  %„  in  cane 

Brix 

Sucrose 


.24- 

-.17 

.11 

.02 

-.19 

-.16 


.31** 

.14 

.35** 

.11 

.04 

.05 


.24* 

.15 

.33** 

.08 

.14 

.12 


.32** 

.13 

.31** 

.08 

.09 

.10 


'•"Significant  at  the  5%,  level  of  probability. 
''Significant  at  the  1%  level  of  probability. 
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The  r  values  obtained  between  %  lodging  and  stalk  length  (.24  to  .32)  were  positive,  significant 
and  indicated  that  there  was  a  moderately  low  tendency  for  taller  clones  to  lodge  more  than  shorter 
clones.   This  association  between  mean  stalk  length  and  %   lodging  could  cause  difficulty,  especially 
if  major  emphasis  is  put  on  the  selection  of  very  tall  clones  in  the  early  test  stages.   However, 
simultaneous  selection  for  both  low  %   lodging  and  acceptable  stalk  length  should  overcome  the 
difficulty. 

Correlation  coefficients  for  the  4  crosses  between  °L   lodging  and  stalk  weight  (.11  to  .35)  were 
positive,  ranged  from  nonsignificant  to  highly  significant,  and  suggest,  for  3  crosses,  that  clones 
with  heavier  stalks  tend  to  lodge  more  than  lighter  clones.   However,  it  is  interesting  to  note  that, 
since  the  2  components  of  stalk  weight  are  stalk  length  and  stalk  diameter,  the  lack  of  association 
between  stalk  diameter  and  %   lodging  (-.17  to  .15)  suggests  that  the  positive  weight-7s  lodging 
association  is  due  for  the  most  part  to  the  positive  length-7„  lodging  association.   This  indicates 
that  little  consideration  need  be  given  to  stalk  weight  in  conjunction  with  selection  for  erectness  . 
Attention  should  be  directed  instead  to  stalk  length. 

It  was  concluded  that  there  would  be  no  difficulty  in  selecting  erect  clones  which  have  desirable 
stalk  diameter,  length,  weight,  brix,  or  sucrose,  provided  attention  is  given  simultaneously  to  stalk 
length  and  erectness . 
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STUBBLING  ABILITY  IN  SUGARCANE  VARIETIES 

P.  M.  Lyrene 
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Belle  Glade,  Florida 

ABSTRACT 

Two  methods  of  estimating  stubbling  ability  in  sugarcane  were  tested  on  varieties  whose  actual 
stubbling  abilities  were  known  from  field  tests.   The  first  method  was  based  on  measurements  of  shoot 
growth,  root  growth,  end  root/shoot  ratio  of  plants  grown  from  one-bud  sets  in  greenhouse  pots.   Good 
stubblers  generally  produced  higher  shoot  weights,  root  weights,  and  root/shoot  ratios  than  the  poor 
stubblers,  but  the  method  did  not  appear  to  distinguish  well  enough  among  varieties  to  be  practical. 
For  the  second  method,  field  plots  were  cut  at  ground  level  four  times  at  monthly  intervals  and  the 
dried  forage  was  weighed.   This  method  revealed  enormous  differences  among  test  varieties,  with  the 
highest-yielding  variety  averaging  nearly  400%  of  the  lowest.   Varieties  which  were  the  best  stubblers 
under  conditions  of  commercial  sugar  production  produced  the  highest  yields  of  dried  forage. 
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THE  EFFECT  OF  SKIPS  ON  SUGARCANE  YIELD  IN  VARIETY  CP  63-588 
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ABSTRACT 

An  experiment  was  conducted  to  determine  the  effect  of  skips  on  sugarcane  yield  and  the  extent  of 
yield  compensation  in  areas  adjacent  to  skips.   Results  showed  that  skips  up  to  3  m  long  did  not  lower 
gross  cane  yields.   An  increased  number  of  stalks  at  each  end  of  a  skip  with  an  increase  in  stalk  growth 
in  areas  adjacent  to  skips  appeared  to  compensate  for  yield  losses  associated  with  skip  areas. 

INTRODUCTION 

All  sugarcane  growers  would  like  to  obtain  continuous  stands  of  cane  from  planting.   In  Florida, 
continuous  stands  of  cane  are  obtained  by  hand  planting  if  planting  conditions  are  normal,  if  planting 
rates  are  varied  according  to  the  season  and  cane  variety,  and  if  the  cane  is  planted  carefully.   On 
the  other  hand,  mechanical  planting  introduces  skips  of  varying  lengths,  depending  upon  the  operator's 
skill,  the  seed  harvesting  method  used,  and  the  metering  characteristics  of  different  varieties. 

Skips  in  sugarcane  fields  tend  to  appear  after  the  first  harvest  due  to  uprooting  by  field  traffic, 
stubble  removal  by  harvesting  equipment,  cold  damage,  and  many  other  factors.   Removal  of  stubble  by 
mechanical  harvesters  is  a  major  cause  for  skips,  and,  as  a  consequence,  the  number  of  seasons  that 
a  field  can  be  harvested  is  reduced  when  mechanical  harvesters  are  used.   Field  are  normally  replanted 
after  three  to  five  harvests  due  to  reduced  yields  caused  by  skips.   Several  producers  utilize  skip 
planting  so  they  can  prolong  stubble  life  and  so  they  can  keep  workers  employed  on  an  annual  basis. 

Arceneaux  and  Stokes  (1)  showed  that  skips  in  plant  cane  influence  yield  more  than  skips  in  ratoon 
crops  and  that  yield  compensation  for  a  given  skip  length  varies  by  variety.   Florida  producers  have 
little  data  from  which  to  estimate  the  effect  of  skips  on  yield.   The  purpose  of  this  study  was  to 
determine  the  effect  of  skips  on  plant  cane  yield  in  variety  CP  63-588  and  the  degree  of  yield  com- 
pensation that  occurs  in  areas  adjacent  to  skips. 

METHODS  AND  MATERIALS 

The  variety  used  in  this  experiment  was  CP  63-588,  currently  Florida's  most  widely  grown  variety 
(3).   Seed  cane  was  harvested  with  a  Massey-Ferguson  chopper  harvester  on  March  17,  1975.   Seedpieces 
up  to  60  cm  long  were  obtained  by  removing  one  set  of  chopping  blades  from  the  harvester.   For  the 
experiment  these  pieces  were  planted  in  two  continuous  lines,  except  in  skips.   Treatment  plots  were 
6.4  m  wide,  10  m  long,  and  contained  four  rows.   Plots  were  arranged  in  a  randomized  complete  block 
design,  with  four  replications.   Each  block  consisted  of  five  skip  treatments  and  a  check  treatment 
without  skips.   For  the  skip  treatments,  skips  from  1  to  5  m  long  were  left  in  opposite  ends  of  the 
two  center  rows,  called  skip  rows,  in  each  plot  as  shown  in  Fig.  1.   The  two  outside  rows  of  each 
plot  will  be  referred  to  as  border  rows. 

About  1  week  before  harvest,  we  counted  the  millable  stalks  in  each  row  of  each  plot  to  determine 
whether  additional  tillering  increased  the  stalk  population.   Row  populations  per  hectare  were  calcu- 
lated from  the  row  counts  for  border  rows  and  skip  rows.   We  tested  border-  and  skip-row  population 
means  for  differences,  using  Duncan's  Multiple  Range  Test  (4).   Densities,  based  on  skip-row  length 
planted,  were  calculated  from  the  skip-row  counts.   We  tested  the  mean  of  the  skip-row  densities  for 
each  skip  treatment  with  the  mean  of  the  row  density  in  the  check  treatment  for  differences  using  a 
one-tailed  t-test  for  two  sample  means  (4).   The  additional  stalks  in  each  skip  row  over  the  equivalent 
length  of  check  row  were  calculated  for  each  skip  row,  averaged  over  each  treatment,  and  averaged  over 
the  five  skip  treatments. 

Internodal  stalk  diameters,  about  1.5  m  above  the  ground  level,  were  measured  in  all  rows  bordering 
skips  about  1  week  before  harvesting.   The  diameters  of  10  random  stalks  were  measured  in  border-row 
areas  adjacent  to  skips,  and  the  diameters  of  10  other  random  stalks  were  measured  in  border-row  areas 
away  from  skips.   The  average  diameters  of  the  stalks  in  areas  adjacent  to  skips  and  of  the  stalks  in 
areas  away  from  skips  were  calculated  for  each  plot.   We  tested  these  diameters  for  differences,  using 
a  paired  t-test  (4). 


29 


{f4"ffi'f'F'.1Ti'B.'?i"B^'"Hf'''^WTOywi"i"  '|l^Jw:w^Msl^^)'fw^^^^'J.M^MBt'.|J^?!l!^M.|pt;^'Wi^l^^^^^^'jJJjfSl!H^^'^.^''■J^ 
JBam«MM«iMBMmmBn 

skip  row      p.;!  ,i  \\.  ->;   i'jfi,  !;;  ,     i-jj  :  *| 

SKIP  ROW 
BORDER  ROW 


HJFlBg^BS 


10  m.- 


Fig.  1.   Diagram  showing  distribution  of  3-m  skips  (light  area)  in  a  four-row  plots,  10m  long. 

The  cane  was  burned  1  day  before  harvesting  began.   Immediately  before  harvesting,  three  random 
wholestalk  samples,  each  containing  five  stalks,  were  taken  from  border-row  areas  adjacent  to  skips, 
along  with  three  samples  from  border-row  areas  away  from  skips,  for  milling  and  sugar-content  analysis. 
We  determined  brix  and  pol  from  the  juice  and  used  them  to  estimate  theoretical  sugar  yield  (kg  of 
sugar  per  ton  of  cane)  (2).   We  tested  the  sugar  yield  means  of  the  samples  from  areas  adjacent  to  and 
away  from  skip  areas  for  differences,  using  a  one-tailed  t-test  for  two  sample  means. 

The  rows  of  the  respective  plots  were  harvested  during  February  1976,  again  with  a  Massey- 
Ferguson  201  chopper  harvester.   Cane  from  each  row  was  delivered  by  the  harvester  into  a  citrus  tub 
held  by  a  forklift.   We  weighed  the  tub  by  placing  it  between  two  platform  scales  and  recorded  the 
gross  cane  weight.    We  determined  the  trash  content  of  a  sample  of  about  130  kg  of  cane  delivered  by 
the  harvester.   Gross  cane  yields  were  calculated  for  total  plots  and  for  border  and  skip  rows  in  each 
plot.   We  tested  the  means  of  the  total  plot  yield  of  each  skip  treatment  for  differences,  using 
Duncan's  Multiple  Range  Test.   The  percentage  of  row  length  skipped  in  each  plot  and  the  percentage 
of  difference  between  the  yield  of  each  skip  plot  and  that  of  the  respective  check  plot  was  calculated. 
We  tested  the  means  of  the  border-  and  skip-row  yields  for  differences,  using  Duncan's  Multiple  Range 
Test.   The  percentages  of  difference  between  border-  and  skip-row  yields  and  the  yield  from  check  rows 
were  calculated  and  compared  with  percentages  of  row  length  skipped  in  skip  rows. 

Average  stalk  weights  were  calculated  for  border  and  skip  rows.   We  tested  treatment  means  for 
differences,  using  Duncan's  Multiple  Range  Test.   We  predicted  plot  yields  from  stalk  populations, 
using  regression  analysis  to  examine  the  effect  of  stalk  population  on  yield. 

RESULTS 

The  sugarcane  in  the  experiment  was  unusually  erect  and  uniform  in  height,  had  an  excellent  burn, 
and  did  not  present  any  problem  to  harvest  mechanically.  The  trash  content  of  the  cane  was  determined 
to  be  7.7%.   Net  cane  values  can  be  determined  by  multiplying  gross  values  by  0.923. 

Total-plot  yields  of  the  1-,  2-,  and  3-m  skip  treatments  were  similar  to  the  yield  from  the  check 
treatment  (Table  1).   The  4-  and  5-m  skip  treatments  had  lower  yields  than  the  other  treatments.   The 
percentages  of  difference  in  yield  between  the  4-  and  5-m  skip  treatments  and  the  check  treatment  were 
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lower  than  the  percentages  of  implanted  row  length  for  these  treatments.   These  data  showed  that  yield 
compensation  for  the  unplanted  portions  of  row  length  was  occurring  within  the  treatments. 


Table  1. 


Skip 

length 

(m) 


Yields  of  treated  plots,  amount  of  total  plot-row  length  skipped,  and  difference  between 
yield  and  check  treatments  for  five  skip  treatments  and  a  check  treatment. 


Yield  of 

treated 

plots 

(t/ha) 


Amount  of 
total  plot-row 
length  skipped 

a) 


Difference  between 

yields  of  check  and 

skip  treatments 

(!) 


(check) 


133.0 
135.8 
129.7 
130.9 
120.1 


114.3 


0 
5 
10 
15 
20 
25 


0.0 
2.29 
■  2.57 
•1.48 
•  9.70 
•14.08 


■'•Column  values  not  followed  by  a  common  letter  differ  at  the  5%  level  according  to  Duncan's  Multiple 
Range  Test. 

Yields  of  the  border  rows  for  all  skip  treatments  were  similar  to  the  yield  from  the  check  rows 
(Table  2).   Statistically,  variations  in  border-row  yields  overshadowed  a  slight  yield  compensation 
indicated  by  differences  between  yields  from  border  rows  and  those  from  check  rows  (Table  2).   Measure- 
ments of  internodal  stalk  diameters  in  the  border  rows  showed  that  stalk  diameters  in  areas  adjacent 
to  skips  averaged  28.2  mm,  and  stalk  diameters  in  areas  away  from  skip  areas  averaged  27.5  mm,  a  differ- 
ence of  0.7  mm.   This  larger  stalk  diameter  in  areas  adjacent  to  skips  corresponds  to  about  a  5%  greater 
stalk  weight,  assuming  a  uniform  stalk  height. 

Table  2.   Yields  of  border  and  skip  rows,  amount  of  skip-row  length  skipped,  and  differences  between 
yields  of  border  and  skip  rows  and  yield  of  check  rows  for  five  skip  treatments  and  a  check 
treatment. 


Difference 

Amount 

Difference 

between 

of 

between 

yields  of 

skip-row 

yields  of 

Skip 

Border  row 

check-  and 

Skip  row 
yield 

length 

check-  and 

length 

yield1 

border-rows 

skipped 

skip-rows 

(m) 

(t/ha) 

a) 

(t/ha) 

(%) 

(%) 

0  (check) 

137.2  a 

... 

128.8  c 

0 



1 

139.5  a 

1.76 

132.1  c 

10 

3.06 

2 

142.6  a 

3.85 

116.8  b 

20 

-  9.11 

3 

146.1  a 

6.65 

115.8  b 

30 

-  9.87 

4 

143.8  a 

4.90 

96.3  a 

40 

-25.00 

5 

143.9  a 

4.99 

84.6  a 

50 

-34.39 

■'"Column  values  not  followed  by  a  common  letter  differ  at  the  57s  level  according  to  Duncan's  Multiple 
Range  Test. 

The  yield  from  the  1-m  skip  rows  was  similar  to  that  from  the  check-rows,  but  the  other  skip 
treatments  had  lower  yields  than  the  check  rows  (Table  2).   The  percentages  of  yield  reduction  were 
not  as  large  as  the  percentages  of  unplanted  skip-row  length,  indicating  compensation  in  the  skip  rows. 
For  instance,  the  yield  of  the  5-m  skip  rows  was  only  34.3%  below  the  yield  of  the  check  rows,  yet  50% 
of  the  5-m  skip-row  length  was  not  planted.   A  similar  trend  existed  for  the  2-  through  4-m  skip-row 
treatments. 

The  stalk  populations  of  border  rows  (Table  3)  were  similar  for  all  treatments,  indicating  no 
compensation  from  increased  tillering.   The  stalk  population  of  the  1-m  skip  rows  was  similar  to  that 
of  the  check  rows.   The  stalk  populations  of  the  2-  and  3-m  skip  rows  were  similar  but  lower  than  the 
population  of  the  check  rows.   The  densities  of  skip  rows  for  all  skip  treatments,  based  on  planted 
row  length,  were  found  to  be  higher  than  the  density  of  check  rows.   The  number  of  skip-row  stalks  over 
the  equivalent  planted  length  of  check  row  averaged  about  11  additional  stalks  per  skip  row  for  all 
skip  treatments,  showing  that  population  compensation  occurred  from  increased  tillering.   Stalk 
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numbers  apparently  increased  at  each  end  of  the  skip  and  were  equal  to  the  equivalent  growth  of  about 
1  m  of  row  length. 


Table  3.   Stalk  populations  of  border  and  skip  rows,  stalk  densities  of  planted  length  of  skip  rows, 
and  the  number  of  stalks  in  skip  rows  over  the  equivalent  planted  length  of  check  rows  for 
five  skip  treatments  and  a  check  treatment. 

Number  of  stalks 
in  skip  rows 
over  equivalent 
planted  length 
of  check  row 
(stalks) 


Skip 

length 

(m) 


Border-row 


,1 


populations 
(1000  stalks/ha) 


Skip-row 
r     1 
populations 

(1000  stalks/ha) 


Skip-row 

densities 

(stalks/m) 


0  (check) 

1 

2 

3 

4 
5 


74 

31 

a 

77 

88 

a 

75 

06 

a 

75 

88 

a 

77 

88 

a 

75 

.00 

a 

71.44 
73.31 
62.81 
59.12 
47.12 
41.30 


11.43 
13.03** 

12.56* 
13.51** 
12.57* 
13.22** 


Avq 


14.4 
9.1 

14.6 
6.8 
9.0 

10.8 


Column  values  not  followed  by  a  common  letter  differ  at  the  57„  level  according  to  Duncan's  Multiple 
Range  Test. 

2Column  values  followed  by  *  differ  from  the  check  row  value  at  the  VL   level,  and  the  values  followed 

by  **  differ  at  the  1%  level,  according  to  a  one-tailed  t-test  for  two  sample  means. 

Average  stalk  weights  (Table  4)  showed  some  differences  between  skip  treatments.   The  border  rows 
of  the  5-m  skip  treatment  had  the  highest  stalk  weight  of  the  border  rows  and  were  the  only  border  rows 
for  which  stalk  weight  differed  from  that  of  the  check  rows.   The  stalk  weights  of  the  4-  and  5-m  skip- 
row  treatments  were  significantly  higher  than  that  of  the  check  treatment,  indicating  compensation  by 
increased  growth. 


Table  4.   Stalk  weights  for  border  and  skip  rows  for  five  skip  treatments  and  a  check  treatment 
Skip  Border-row  . 


length 
(m) 


stalk  weights 
(kg) 


Skip-row   i 
stalk  weights 
(kg) 


0  (check) 

1 

2 

3 

4 

5 


1.86  be 

1.80  c 

1.90  be 

1.93  ab 

1.85  be 

2.04  a 


1.81  b 

1.81  b 

1.87  b 

1.97  ab 

2.05  a 

2.05  a 


Column  values  not  followed  by  a  common  letter  differ  at  the  57.  level  according  to  Duncan's  Multiple 
Range  Test. 

The  relationship  between  yield  and  stalk  population  in  individual  plots  is  shown  in  Fig.  2. 
Increases  in  plot  population  provided  only  small  increases  in  plot  yield  when  the  plot  population 
reached  62,000  stalks  per  hectare.   A  Quadratic  regression  of  plot  population  versus  yield  gave  a 
correlation  coefficient  of  0.87.   The  predictor  eouation  showed  that  yields  would  be  maximum  beyond 
the  data  range  observed. 
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Fig.  2.   Relationship  between  yield  and  stalk  population  in  individual  plots. 

Stalks  samples  for  sugar  content  from  border-row  areas  adjacent  to  skips  were  found  to  have  a 
lower  sugar  yield  (133.6  kg/t)  than  samples  taken  in  border-row  areas  away  from  skips  (138.6  kg/t) . 
We  feel  that  the  additional  stalk  growth  in  areas  adjacent  to  the  skips  caused  the  lower  sugar  yield. 
Weetman  and  Hundertmark  (5)  noted  that  outside  rows  in  experimental  plots  had  a  lower  sugar  yield  than 
inside  rows.   They  attributed  the  sugar  yield  difference  to  the  increased  stalk  growth  on  the  outside 
rows  because  of  plant  exposure  to  additional  sunlight. 
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PERFORMANCE  AND  DISTRIBUTION  OF  COMMERCIAL  SUGARCANE  VARIETIES  IN  TEXAS 

S .  A.  Reeves ,  Jr . 

Texas  Agricultural  Experiment  Station 

Wes laco ,  Texas 

ABSTRACT 

The   use   of   superior   sugarcane  varieties    is   a   highly   important   requirement    for   the   survival   and 
advancement   of   the   Texas    sugarcane   industry.      The   introduction  and/or   the   development   of   new  varieties 
is    thus   a  major   feature  of   area   research   programs.      The  major   variety   presently   grown   in  the   Rio   Grande 
Valley   is    NCo   310   followed   in  planted  acreage   by  CP   52-68,    CP  61-37,    L  62-96,    CP  44-101,    CP  60-25 
and  CP   55-30.      The  varieties    CP   56-59   and   CP  65-357   were   released   to    the   growers    in   1974   for   produc- 
tion  in   the    1975-76   season.      NCo    310  has    been   the    leading  variety   in   tonnage  and   sugar   the   past   few 
years.      The   earliest  maturing  variety   in   Texas    is    L  62-96    followed   by   CP  65-357.      The   tonnage   of   the 
early  maturing  varieties   has    generally  been   lower   than    later  maturing  varieties    due   in   part    to  early 
harvest . 

INTRODUCTION 

The  sugarcane  industry  has  been  hampered  by  weather  since  the  beginning  of  the  first  harvest 
season  in  1973-74.   There  was  a  severe  freeze  on  December  21,  1974,  which  stopped  growth  and  damaged 
much  of  the  cane.   Much  of  the  cane  was  not  harvested  that  season.   During  the  second  sugarcane  harvest 
season,  there  was  a  freeze  on  January  13  and  14.   This  also  stopped  growth  and  further  sugar  accumula- 
tion.  All  of  the  cane  was  harvested  that  year  but  the  quality  was  very  low  at  the  end.   The  1975-76 
harvest  season  was  the  first  without  a  major  freeze.   This  is  the  first  season  that  the  performance 
of  sugarcane  varieties  can  be  fully  evaluated. 

RESULTS  AND  DISCUSSION 

The  use  of  super  sugarcane  varieties  is  a  highly  important  requirement  for  the  survival  and 
advancement  of  the  Texas  industry.   The  introduction  and/or  the  development  of  new  sugarcane  varie- 
ties is  a  major  feature  of  research  programs. 

Sugarcane  variety  research  programs  were  conducted  on  a  limited  scale  through  1964  and  a  more 
comprehensive  approach  was  begun  in  1968.   In  1969  and  1970,  a  number  of  varieties  were  imported  to 
Texas  from  breeding  programs  in  Louisiana  and  Florida  for  evaluation  under  local  conditions.   Results 
from  these  early  tests  provided  the  basis  for  selection  of  varieties  to  be  increased  for  commercial 
production  in  the  first  sugarcane  harvest  season  in  1973  and  1974. 

The  seven  sugarcane  varieties  selected  for  increase  for  the  first  production  and  harvest  season 
were:   NCo  310,  CP  52-68,  CP  61-37,  L  62-96,  CP  44-101,  L  60-25,  and  CP  55-30.   All  of  these  varieties 
were  in  production  the  first  year.   Since  this  time,  there  have  been  two  more  varieties  released  for 
commercial  sugar  production.   Two  new  varieties  were  released  to  the  grower  for  seed  cane  increase  in 
1974.   CP  56-59  and  CP  65-357  were  in  limited  production  in  the  1975-76  season. 

The  milling  test  on  the  variety  CP  57-614  will  be  conducted  in  the  1976-77  harvest  to  determine 
if  this  variety  will  be  released  to  growers.  This  variety  is  the  earliest  maturing  variety  tested  in 
Texas . 

The  total  acres  of  sugarcane  planted  in  the  Valley  and  the  percentage  of  each  variety  are  shown 
in  Table  1.   NCo  310  has  been  the  leading  variety  in  number  of  acres  planted  since  the  start  of  the 
Texas  industry.   The  percentage  of  total  acres  has  increased  from  34.9  in  1973-74  to  45.2  in  the 
1975-76  season.   This  percentage  is  expected  to  increase  further  this  coming  year. 

NCo  310  is  classified  as  a  later  maturing  sugarcane  in  Texas.   The  bulk  of  NCo  310  is  harvested 
after  December.   Some  of  the  most  favorable  attributes  of  NCo  310  are  its  tolerance  to  salinity  and 
low  temperature  during  the  harvest  season.   These  are  two  important  factors  to  be  considered  in  Texas. 
NCo  310  is  an  excellent  ratooning  cane  and  the  yields  remain  high  over  several  ratoons . 

The  second  leading  variety  in  Texas  in  acreage  is  CP  52-68.   CP  52-68  has  shown  a  slight  decrease 
in  its  percentage  over  the  three  harvest  seasons.   CP  52-68  is  classified  as  a  mid-season  variety  in 
Texas.   CP  52-68  performs  best  when  harvested  in  December.   When  this  variety  is  harvested  before  or 
after  December,  there  is  a  trend  for  decrease  in  quality.   CP  52-68  is  susceptible  to  low  temperatures 
and  needs  to  be  harvested  before  periods  of  highest  incidence  of  freezing  temperatures.   CP  52-68  is 
very  erect  and  undergoes  burn-standing  very  well. 
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CP  61-37    is    the   third  major  variety   in   Texas .      The   percentage  of   this    variety  was    increased    for 
the   1975-76   harvest   season.      In   the    first    two   seasons,    CP  61-37   exhibited  a   desirable   characteristic 
of   being  an   early  variety.      However,    in   the    1975-76  harvest   season,    this   variety   performed  as    a  mid- 
season  variety.      Research   data   also  has    shown  CP  61-37   to   be  more   of  a  mid-season  variety. 

The  varieties    CP  44-101,    CP  55-30,    and    L  60-25   are  being   phased   out   of   production  at    the   present 

time.      The   performance  of    L  62-96  has    been  very   spotty.  This   variety   is    being  kept   and   spread    further 

because  of   its    earliness.      The   yields    of    L  62-96   are  not  as   high   as    the  other   varieties    but    the   early 
sugar   is    essential    for   early  harvest. 

CP  56-59   and  CP  65-357   are   being  spread   now  and  will   be   in   production   in    future   years.      The 
spread   of  CP  56-59  will   be    limited   due   to   poor   response   in  many  areas.      CP  65-357   has    performed  very 
well  and    is    being  spread   as    rapidly  as    possible. 

The   total   acres    of  sugarcane    for   each   season   is    shown  at    the   bottom  of    Table    1.      The   acreage  has 
grown   each  harvest   season.      The  acreage   in    1975-76    is    the  maximum  that    the   one  mill   can  handle  so 
there  will   not   be   an   increase   in  acreage    for   the  coming   season. 

Only    limited   data   are   available   concerning   the   number   of   ra toons    that  may  be   grown    in    the    Valley 
due   to    the   short  history   of    the    industry.      The   performance   of   several   sugarcane  varieties   over   several 
ratoon  crops    is    shown   in  Table   2.      This   was    a   sugarcane   test   conducted   at    the   Texas    Agricultural 
Experiment    Station  at  Weslaco.      The   data    in   this    test   show   that    there  was    essentially  no   decrease   in 
the  net    tons    of   cane   per   acre   over  a   seven-year   period    for   NCo    310,    CP  55-30,    CP  44-101,    and   CP  52-68. 
There  were  variations   with   cycles    but   there  was    not   a   definite    trend    for   decreasing  or   increasing 
yields.      The   data   for    L  60-25   did   show  a   trend    for   decreasing   yield  with    time.      L  60-25  has    been  a 
very  poor   ratooning   cane   in   the   Valley.      Long   term  data    for  other  varieties    are   not   available  at    the 
present    time. 

Table    1.      Percentage   of   total  acres    of   nine   sugarcane   varieties    over   three   seasons. 

Harvest   season 


Varieties 73-74 74-75         "  "  75-76 


NCo  310  34.9  39.5  45   2 

CP  52-68  21.3  19.8  16.4 

CP  61-37  11.9  10.1  14.9 

CP  44-101  14.2  13.6  9.3 

L  62-96  10.4  11.3  10.0 

CP  55-30  2.9  2.5  1   8 

L  60-25  3.8  2.7  1   8 

CP  56-59  0   22 

CP  65-357  0[u 

Others  0.6  0.5  0.6 

Total  acres  24,814.92  28,689.06  34,974.77 


Source:   W.  R.  Cowley  Sugar  Mill. 


Table  2.   Net  tons  cane  per  acre  for  nine  sugarcane  varieties  over  several  ratoons . 

VarletY Plant  crop    1st  R 2nd  R 3rd  R 4th  R       5th  '  R       6th  R       Ave. 


CP  55-30 
NCo  310 
CP  44-101 
CP  52-68 
L  60-25 


55.3 

84.6 

78.9 

63.5 

49.5 

67.9 

59.6 

63.9 

70.6 

62.1 

57.2 

51.0 

55.3 

69.0 

63.4    ' 

59.2 

49.9 

67.8 

63.0 

56.4 

45.2 

65.9 

64.9 

59.1 

62.1 

81.5 

58.2 

47.9 

47.1 

74.5 

59.4 

57.4 

50.0 

55.9 

46.0 

36.8 

25.8 

48.1 

42.1 

39.8 

Source:   Texas  Agricultural  Experiment  Station,  Weslaco. 


The  tons  sugar  per  acre  for  the  same  five  varieties  are  shown  in  Table  3.   The  tons  sugar  per 
acre  remained  high  after  seven  years  even  though  there  is  a  slight  decline.   Part  of  the  variation 
in  sugar  per  acre  is  due  to  different  times  of  harvest  each  year.   The  yields  in  the  4  ratoons  are 
lower  for  all  varieties  due  in  part  to  an  early  harvest  that  year.   The  varieties  had  a  low  sugar 
content  and  were  not  yet  mature.   With  late  maturing  varieties,  low  sugar  yields  result  from  early 


harvest . 
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Variety 

Plant   crop 

1st   R 

o      --      -- 

2nd   R 

3rd   R 

4th   R 

5th   R 

6th  R 

Ave. 

CP   55-30 

6.2 

9.4 

8.7 

7.2 

5.6 

8.2 

5.9 

7.1 

CP   52-68 

7.1 

9.0 

6.8 

5.5 

5.7 

9.8 

6.9 

6.9 

CP  44-101 

5.5 

7.5 

7.6 

6.3 

5.4 

8.3 

6.4 

6.8 

NCo   310 

8.1 

6.3 

4.3 

5.5 

6.4 

7.7 

5.4 

6.2 

L  60-25 

5.9 

6.9 

5.4 

4.1 

3.0 

6.1 

5.0 

4.7 

Source:   Texas  Agricultural  Experiment  Station,  Weslaco. 

The  commercial  response  of  sugarcane  varieties  has  shown  the  same  trends  as  the  research  data. 
The  tonnage  and  sugar  per  acre  have  been  lower  than  research  data  but  this  is  expected  due  to  hand 
harvest  and  special  care  given  research  plots.   The  average  yields  for  released  sugarcane  varieties 
milled  this  year  are  shown  in  Table  4.   NCo  310  was  the  highest  yielding  sugarcane  variety  for  the 
1975-76  season.   This  was  followed  by  CP  56-59  with  44.77  tons  cane  per  acre  but  the  acreage  harvested 
was  only  around  600  acres.   CP  52-68  and  CP  61-37  were  the  second  and  third  varieties  in  yield  from 
large  acreages.   The  early  maturing  varieties  produced  the  lowest  yield.   This  is  due  in  most  part  to 
the  short  growing  season  for  these  varieties.   The  highest  purities  were  obtained  with  NCo  310  and 
CP  52-68.   This  is  due  to  the  fact  that  the  bulk  of  these  varieties  were  harvested  late  when  they 
were  more  mature.   The  early  varieties  were  generally  harvested  before  they  reached  full  maturity. 

Table  4.   Average  yield  in  tons  cane  per  acre  (TCA)  and  average  normal  purity  for  nine  sugarcane 

varieties  for  the  1975-76  harvest  season. . — 


Variety 


TCA  Normal    purity 


NCo   310 

CP   56-59  44.77 

CP   52-68 

CP  61-37 

CP   55-30 

CP  44-101 

CP  65-357 

L  60-25 

L  62-96 


45.05  81.79 


78.51 

39  84  80.66 

37'.50  77.79 

37.13  79.85 

36.46  78.57 

35.17  76.87 

33.88  79.35 

31.42  79.35 


Source:      W.    R.    Cowley   Sugar  Mill. 

The   ranges    on   commercial   fields    in  yield   of   cane   per   acre   and   pol  value   during   the    1975-76 
harvest   season  are   illustrated   in   Fig.    1   and   2,    respectively,    using   data    for   the    principal  variety, 
NCo   310. 

There  were   scattered    fields   harvested    from  mid-November   to  mid-December  with    the   bulk  of   the 
variety  harvested   after   this   time.      The  yields    of   cane  were   generally  below   the   seasonal  mean  until 
late   December.      The  maximum  yields   were  obtained   in   February   and  March.      There  was    a   decline   in  yield 
during  April. 

The   pol  values  made   a   sharp   rise   in   the  middle   of    January.      The   pol  value   then   remained  above 
the   seasonal   average   until  a    gradual   decline  began   in  March    followed  by  a   rapid   decrease    in  April 
The  maximum  yields   and   pol   values   were  achieved  at   approximately   the   same   time.      The  bulk  of  NCo   310 
was   harvested  during   this    period.      There   does    not   appear   to   be  any   relation   between  the   plant   cycles 
and   yield   or   quality.      The   data   tend   to   show   that    there   is    no   apparent   difference   between   the   plant 
crop  and   the   ratoon  crops    in  yields   or   pol  values. 
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EFFECT  OF  SUBSOILING  ON  SUGARCANE  PRODUCTION  IN  LOUISIANA- 
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ABSTRACT 

Soil  compaction  is  becoming  a  serious  problem  on  sandy  soils  in  the  Louisiana  sugarcane  area.   This 
is  due  mainly  to  the  use  of  heavier  field  equipment  under  wet  conditions  and  to  the  lack  of  effective  sub- 
soiling.   Several  experiments  were  conducted  to  determine  the  effect  of  subsoiling  with  a  regular  subsoiler 
and  a  vertical  mulcher  subsoiler  on  soil  compaction  and  the  yield  of  sugarcane.   The  subsoiler s  were 
operated  under  each  row  to  a  depth  of  24  in.  prior  to  planting  in  the  fall.   Subsoiling  with  a  regular 
subsoiler  increased  cane  yield  an  average  of  5.0  tons  per  acre  or  19.3%.   Subsoiling  with  a  vertical 
mulcher  subsoiler  increased  cane  yield  an  average  of  9.8  tons  per  acre  or  40.2%.   This  was  due  to  an 
increase  of  19.4%  in  stalk  number  and  24.3%  in  individual  stalk  weight.   The  mulcher  subsoiler  was  con- 
siderably more  effective  than  the  regular  subsoiler  in  increasing  cane  yield.   The  increases  were  larger 
in  plant  cane  than  in  stubble  cane.   The  incorporation  of  bagasse  in  the  subsoil  with  the  vertical  mulcher 
subsoiler  did  not  increase  cane  yield.   Although  large  increases  in  yield  were  obtained  in  a  second  cycle 
of  cane  after  subsoiling,  it  was  beneficial  to  subsoil  prior  to  planting  each  cane  crop. 

INTRODUCTION 

Soil  compaction  is  becoming  a  serious  problem  in  sugarcane  production  in  Louisiana.   This  is  due  to 
the  increase  in  the  use  of  heavier  field  equipment  and  to  the  lack  of  effective  deep  tillage  or  subsoiling 
to  reduce  soil  compaction. 

The  amount  of  compaction  in  the  soil  may  vary  among  soil  types  depending  mainly  on  their  clay  and 
organic  matter  content.   Most  soils  can  be  compacted  with  heavy  equipment  traffic  under  certain  moisture 
conditions.   However,  the  residual  compaction  is  relatively  low  in  soils  with  a  high  clay  content  due  to 
the  shrinking  and  cracking  of  the  soil  during  dry  periods. 

Sandy  soils  with  a  low  clay  and  organic  matter  content  compact  to  form  a  dense  layer  or  hardpan 
in  the  subsoil.   This  hardpan  is  usually  from  6  to  8  in .  in  thickness  and  occurs  immediately  below  the 
plowed  layer  in  the  soil.   It  can  form  by  traffic  from  normal  tillage  and  restrict  root  development. 
According  to  Meredith  and  Patrick  (2)  soil  compaction  increases  the  bulk  density  and  decreases  the 
porosity,  water  infiltration,  and  root  penetration  in  the  soil. 

The  effect  of  soil  compaction  on  sugarcane  yield  may  depend  on  the  variety  of  cane  and  the  amount  and 
distribution  of  rainfall  during  the  growing  season.   The  yield  from  vigorous  varieties  with  a  strong  root 
system  is  less  likely  to  be  adversely  affected  by  soil  compaction.   However,  a  poor  root  penetration  in  the 
subsoil  can  reduce  the  water  uptake  and  yield  of  most  cane  varieties  during  dry  periods  in  the  summer. 

Saveson,  et  al.  (4)  found  that  deep  tillage  can  increase  cane  yield  on  fine  sandy  loam  and  silty 
clay  loam  soils,  especially  in  years  of  poor  rainfall  distribution.   Patrick,  et  al .  (3)  reported  that 
deep  tillage  can  increase  root  development  and  yield  on  soils  with  traffic  pans  in  years  of  low  rainfall. 
Heilman,  et  al .  (1)  obtained  significant  increases  in  cotton  yield  from  trenching  5  in.  wide  to  a  depth 
of  40  in.  under  each  row  prior  to  planting  in  the  low  rainfall  area  of  the  Rio  Grande  Valley. 

The  purpose  of  this  paper  is  to  discuss  the  results  from  several  experiments  on  subsoiling  in  the 
sugarcane  area  of  Louisiana. 

EXPERIMENTAL  PROCEDURES 

Seven  experiments  were  conducted  to  determine  the  effects  of  subsoiling  on  the  yield ^and  certain 
growth  characteristics  of  sugarcane.   The  experiments  were  on  locations,  soil  types,  and  with  cane 
varieties  shown  in  Table  1 . 

The  experiments  were  located  on  soil  types  which  appeared  to  have  a  compaction  problem.   Experiments 
1,  2,  3,  and  4  were  with  plant  and  stubble  cane  on  Commerce  silt  loam  soil  at  different  locations  on 

Allendale  Plantation  in  Jest  Baton  Rouge  Parish.   Experiment  5  was  with  plant  and  stubble  cane  on  Commerce 

silt  loam  soil  at  Alma  Plantation  in  Pointe  Coupee  Parish.   Experiment  6  was  with  plant  cane  on  Jeanerette 

silt  loam  soil  at  M.  A.  Patout  Plantation  in  Iberia  Parish.   Experiments  1  through  6  were  conducted  during 

the  first  cycle  of  cane  after  subsoiling.   Experiment  7  was  conducted  on  Commerce  silt  loam  soil  at 

Allendale  to  determine  the  residual  effect  of  subsoiling  in  a  second  cycle  of  cane. 


1/This  research  is  supported  in  part  by  grant  funds  from  the  American  Sugar  Cane  League  and  by 
sugarcane  growers. 
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Table  1.   The  location,  soil  type,  cane  variety,  and  year  of  each  experiment. 

Experiment                       1  .                                      Cane  Year 

no. Location— Soil  type variety conducted 

1  Allendale  Commerce  sil  CP  48-103  1968-69 

2  Allendale  Commerce  sil  L  60-25  1969-70 

3  Allendale  Commerce  sil  L  60-25  1970-72 

4  Allendale  Commerce  sil  L  62-96  1972-75 

5  Alma  Commerce  sil  CP  48-103  1972-74 

6  Patout  Jeanerette  sil  NCo  310  1974 

7  Allendale  Commerce  sil  L  60-25  1974-75 

_1/Sugarcane  plantations. 

The  subsoilers  tested  were  a  regular  subsoiler  and  a  vertical  mulcher  subsoiler.   The  regular  sub- 
soiler  consisted  of  a  typical  subsoiling  shank.   It  opened  a  narrow  furrow  approximately  1  1/2  in.  in 
width.   The  vertical  mulcher  subsoiler  was  constructed  to  open  a  furrow  11  in.  wide  at  the  top  and  5  in. 
wide  at  the  bottom  of  the  subsoiling  furrow.   It  was  originally  designed  with  a  large  hopper  to  incorporate 
plant  residue  into  the  subsoil.   The  incorporation  of  bagasse  was  found  to  be  very  difficult  and  not  bene- 
ficial for  increasing  the  effectiveness  of  subsoiling.   Therefore,  the  original  model  was  redesigned  and 
built  without  the  capability  for  incorporation  but  retained  its  original  name. 

The  regular  subsoiler  was  tested  in  Experiments  1  and  2  and  the  vertical  mulcher  subsoiler  was 
tested  in  all  the  experiments.   The  incorporation  of  bagasse  was  tested  in  Experiment  1  by  filling  the 
subsoiling  furrow  with  bagasse. 

Experiment  7  was  conducted  during  a  second  cycle  of  cane  following  the  first  cycle  in  Experiment  3. 
The  rows  were  maintained  in  their  original   position  during  the  fallow  year  between  cycles  to  keep  the 
subsoiling  furrow  under  each  row.   One-half  of  the  subsoiled  plots  was  subsoiled  again  with  a  vertical 
mulcher  subsoiler  prior  to  planting  the  second  cycle  of  cane. 

The  regular  and  vertical  mulcher  subsoilers  were  operated  under  each  row  at  a  depth  of  24  in.  prior 
to  planting  cane  on  plots  in  a  normal  manner  after  the  rows  were  rebuilt  and  allowed  to  settle  by  rainfall. 
The  plots  were  three  rows  wide  and  from  500  to  800  ft  long.   The  subsoiling  treatments,  including  a  check 
without  subsoiling,  were  replicated  three  times  in  a  randomized  block  design  in  each  experiment. 

The  cane  yield  and  percent  brix  and  sucrose  in  the  cane  juice  were  measured  on  each  plot  at  a  normal 
harvest  time.   The  sugar  yields  were  calculated  in  accordance  with  the  data  published  annually  by  the 
USDA  on  sugar  commercially  recoverable  from  sugarcane  (5). 

The  stalk  population  and  the  individual  stalk  weight  of  the  millable  cane  were  measured  at  harvest 
time  in  some  of  the  experiments.   The  amount  and  distribution  of  cane  roots  were  observed  with  and  without 
subsoiling.   A  soil  penetrometer  equipped  with  a  probe  1/2  in.  in  diameter  was  used  to  measure  soil 
compaction. 

RESULTS  AND  DISCUSSION 

The  data  obtained  in  Experiments  1  through  4  on  Commerce  silt  loam  soil  at  Allendale  Plantation  are 
reported  in  Table  2.   The  increases  in  cane  and  sugar  yields  with  the  vertical  mulcher  subsoiler  over  the 
check  without  subsoiling  were  relatively  large  with  plant  and  stubble  cane  in  each  experiment.   In  the 
two  experiments  or  four  crop  years  in  which  the  regular  subsoiler  was  tested,  it  produced  a  significant 
increase  in  yield  only  with  plant  cane  in  one  year.   The  vertical  mulcher  subsoiler  produced  a  significant 
increase  in  yield  over  the  regular  subsoiler  in  three  out  of  the  four  crop  years.   The  incorporation  of 
bagasse  into  the  subsoil  with  the  vertical  mulcher  subsoiler  did  not  increase  yield  over  subsoiling  alone. 

The  data  obtained  in  Experiment  5  on  Commerce  soil  at  Alma  Plantation  and  in  Experiment  6  on  a 
Jeanerette  soil  at  M.  A.  Patout  Plantation  are  presented  in  Table  3.   The  increases  in  the  cane  and 
sugar  yields  from  subsoiling  with  the  vertical  mulcher  subsoiler  were  significant  at  these  two  locations. 
However,  the  increases  were  smaller  on  the  Jeanerette  soil  than  on  the  Commerce  soil. 

A  summary  of  the  increases  in  cane  yield,  stalk  population  and  weight  from  subsoiling  in  the  six 
experiments  with  first  cycle  cane  is  presented  in  Table  4.   The  regular  subsoiler  increased  cane  yields 
an  average  of  5.0  tons  per  acre  or  19.3°/,  in  two  experiments.   The  increases  in  cane  yields  with  the 
vertical  mulcher  subsoiler  in  all  the  experiments  or  14  crop  years  ranged  from  219  to  18.1  tons  per  acre 
with  an  average  of  9.8  tons  or  40.2%.   The  increases  were  generally  largest  with  plant  cane  and  decreased 
with  each  successive  stubble  crop. 
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Table  2. 


Effect  of  subsoiling  on  the  yield 
at  Allendale  Plantation. 


of  sugarcane  in  four  experiments  on  Commerce  silt  loam  soil 


Subsoiling 
treatment 


Cane 

yield 

(tons /a) 


Stalk 


Number 
(1000/a) 


Weight 
(lb/stalk) 


Normal 
sucrose 


Sugar 

yield 

(lb/a) 


Exp.  1,  plant  cane,  CP  48-103,  19( 


Check 
Regular 

V.  mulcher       \/ 
V.  mulcher  +  bag.- 
LSD   .05 


23.8 
29.2 
41.9 
37.9 
6.7 


23.8 
26.9 
27.9 
28.1 


2.00 
2.17 
3.00 
2.70 


16.1 
15.6 
14.7 
14.7 


5610 
6645 
8862 
8051 
1484 


Exp.  1,  first  stubble,  CP  48-103,  1969 


Check 
Regular 
V.  mulcher 
LSD   .05 


22.5 
26.8 

38.9 
6.3 


28.6 
32.1 
32.8 


1.57 

1.67 
2.37 


13.5 
14.4 
15.7 


4298 
5516 
8916 
1328 


Exp.  2,  plant  cane,  L  60-25,  1969 


Check 
Regular 
V.  mulcher 
LSD   .05 


35.1 

39.5 

48.1 

2.9 


35.1 
33.3 
36.0 


2.00 
2.37 
2.67 


13.3 

7188 

14.0 

8738 

13.8 

10,438 

553 

Exp.  2,  first  stubble,  L  60-25,  1970 


Check 
Regular 
V.  mulcher 
LSD   .05 


26.0 
32.0 
37.7 


31.0 

33.5 
35.7 


1.68 
1.91 
2.11 


13.6 
14.7 
13.8 


5057 
6771 
7372 
1359 


Exp.  3,  plant  cane,  L  60-25,  1970 


Check 
V.  mulcher 
LSD   .05 


27.3 

39.4 

3.8 


29.8 
36.1 


1.83 
2.18 


15.3 
14.8 


6083 

8422 

815 


Exp.  3,  first  stubble,  L  60-25,  1971 


Check 

V.  mulcher 
LSD   . 05 


24.0 

30.4 
4.2 


13.1 
13.4 


4477 
5784 

792 


Exp.  3,  second  stubble,  L  60-25,  1971 


Check 
V.  mulcher 
LSD   .05 


23.4 

28.3 

4.3 


32.5 
40.1 


1.44 
1.41 


14.3 
13.9 


4788 

5633 

869 


Exp.  4,  plant  cane,  L  62-96,  1972 


Check 
V.  mulcher 
LSD   .05 


24.5 

37.5 

3.2 


22.1 
28.6 


2.22 
2.62 


14.2 
13.1 


4971 

6930 

676 


Exp.  4,  first  stubble,  L  62-96,  1973 


Check 
V.  mucler 
LSD   . 05 


22.8 

33.1 

5.2 


22.1 
27.1 


2.06 

2.44 


12.9 
13.0 


4135 
6029 

934 


Check 

V.  mulcher 
LSD   .05 


20.9 

26.7 

4.0 


Exp.  4,  second  stubble,  L  62-96,  1974 


24.6 
29.5 


1.70 
1.81 


13.9 

14.3 


4118 

5474 

804 


(Continued) 
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Table  2.   Continued 


Subsoiling 
treatment 


Check 
V.  mulcher 
LSD   .05 


Cane 

yield 

(tons/a) 


20.4 
29.9 

6.2 


Stalk 


Number 
(1000/a) 


Weight 
(lb/stalk) 


Normal 
sucrose 


Exp.  4,  third  stubble,  L  62-96,  1975 


20.3 
26.7 


2.01 
2.24 


14.1 
13.9 


1/Bagasse  incorporated  in  subsoil  with  a  vertical  mulcher  subsoiler. 


Sugar 

yield 

(lb/a) 


4116 
5905 
1243 


Table  3.   Effect  of  subsoiling  on  the  yield  of  sugarcane  in  Experiment  5  on  Commerce  soil  at  Alma  Plantation 
and  in  Experiment  6  on  Jeanerette  soil  at  M.  A.  Patout  Plantation. 


Subsoiling 
treatment 


Check 
V.  mulcher 
LSD   .05 


Check 
V.  mulcher 
LSD   .05 


Check 

V.  mulcher 
RSD   .05 


Cane 

yield 

(tons/a) 


24.4 

32.0 

2.9 


20.2 

24.3 

2.4 


24.2 

27.1 

2.2 


Normal  juice 


Brix 


Sucrose 
-■--% 


Purity 


Exp.  5,  plant  cane,  CP  48-103,  1972 


16.9 
16.6 


12.7 
12.4 


75.5 
75.0 


Exp.  5,  second  stubble,  CP  48-103,  1974 


18.5 
18.4 


14.9 
15.2 


50.5 

52.2 


Exp.  6,  plant  cane,  NCo  310,  1974 


16.8 
17.6 


13.0 
14.1 


77.5 
80.4 


Sugar 
yield 
(lb/a) 


4343 

5529 

486 


4340 

5329 

523 


4410 

5466 

423 


Table  4.   Increases  in  cane  yield,  stalk  population  and  individual  stalk  weight  from  subsoiling  with  a 
regular  subsoiler  and  a  vertical  mulcher  subsoiler. 


Experiment 
no. 


;e  of  cane 


Increases  from  subsoilin 


1/ 


(tons/a) 


Cane  yield 


Stalk  no. 
% 


Stalk  wt. 
% 


Plant  cane 
First  stubble 
Plant  cane 
First  stubble 


5.4 
4.3 
4.4 
6.0 


Regular  subsoiler 

22.7 
19.1 
12.5 
23.1 


13.0 

8.5 

12.2 

6.4 

5.1 

18.5 

8.1 

13.7 

Mean 


5.0 


19.3 


7.1 


11.8 


Vertical  mulcher  subsoiler 


Plant  cane 
First  stubble 
Plant  cane 
First  stubble 
Plant  cane 
First  stubble 
Second  stubble 
Plant  cane 
First  stubble 
Second  stubble 
Third  stubble 
Plant  cane 
Second  stubble 
Plant  cane 


18.1 

16.4 

13.0 

11.7 

12.1 

6.4 

4.9 

13.0 

10.3 

5.8 

9.5 

7.6 

4.1 

2.9 


76.1 
72.9 
37.0 
45.0 
44.3 
26.7 


20.9 
53.1 
45.2 
27.8 
46.6 
31.1 
20.3 
12.0 


17.2 

50.0 

14.7 

51.0 

2.6 

33.5 

15.2 

25.6 

21.1 

19.1 

23.4 

-    2.1 

29.4 

18.0 

22.6 

18.4 

19.9 

6.5 

31.5 

11.4 

Mean 


9.8 


40.2 


19.4 


24.3 


l_/lncreases   over   the    check  without    subsoiling. 


The  average  increases  in  stalk  number  and  weight  were  7.1  and  11.8%,  respectively,  with  the  regular 
subsoiler  and  19.4  and  24.37„,  respectively,  with  the  vertical  mulcher  subsoiler. 

The  vertical  mulcher  subsoiler  was  considerably  more  effective  than  the  regular  subsoiler  in 
increasing  the  cane  yield,  millable  stalk  population,  and  individual  stalk  weight.   The  effect  of  sub- 
soiling  with  both  subsoilers  was  more  pronounced  in  the  stalk  weight  or  cane  height  than  in  the  stalk 
population. 

The  results  from  subsoiling  with  a  vertical  mulcher  subsoiler  during  a  second  cycle  of  cane  in 
Experiment  7  are  presented  in  Table  5.   The  yield  increases  with  plant  cane  were  6.6  tons  per  acre  on 
plots  subsoiled  only  prior  to  the  first  cycle  and  9.9  tons  per  acre  on  plots  subsoiled  prior  to  the  first 
and  second  cycles.   The  yield  increases  with  first  stubble  cane  were  9.0  tons  per  acre  on  plots  subsoiled 
prior  to  the  first  cycle  and  12.5  tons  per  acre  on  plots  subsoiled  prior  to  the  first  and  second  cycles. 

Table  5.   Effect  of  subsoiling  on  the  yield  of  sugarcane  in  a  second  cycle  of  cane  in  Experiment  7  on 

Commerce  soil  at  Allendale  Plantation—  .         


Subsoiling 
treatment 


Cane 

yield 

(tons/a) 


Stalk 


Number 
(1000/a) 


Weight 
(lb/stalk) 


Normal 
sucrose 

% 


Sugar 
yield 
(lb/a) 


Subsoiled  first  cycle,  plant  cane,  1974 


Check 

V.  mulcher 
LSD   .05 


20.5 

27.1 

3.4 


26.6 
30.1 


1.54 
1.80 


13.6 
13.2 


3954 

5061 

655 


Subsoiled  first  and  second  cycles,  plant  cane,  1974 


Check 
V.  mulcher 
LSD   .05 


19.2 

29.1 
3.4 


25.3 

31.3 


1.52 
1.86 


13.8 
14.0 


3784 
5793 

655 


Subsoiled  first  cycle,  first  stubble,  1975 


Check 
V.  mulcher 
LSD   .05 


17.4 

26.4 
3.0 


28.5 
35.7 


1.22 
1.48 


14.5 
14.1 


3667 

5291 

615 


Subsoiled  first  and  second  cycles,  first  stubble,  1975 


Check 
V.  mulcher 
LSD   .05 


16.5 

29.0 
3.0 


27.3 
36.2 


1.21 
1.60 


14.1 
14.3 


3332 

5908 

615 


1 /Plant  and  first  stubble  yields  with  variety  L  60-25  during  a  second  cycle  of  cane  on  plots  subsoiled 

with  a  vertical  mulcher  subsoiler  prior  to  the  first  cycle  only  and  prior  to  the  first  and  second  cycles. 

The  results  indicated  that  although  large  increases  in  yield  were  obtained  in  the  second  cycle  after 
subsoiling,  it  was  beneficial  to  subsoil  prior  to  planting  each  cycle  of  cane.   Also,  it  was  difficult  to 
maintain  rows  in  their  original  position  in  order  to  keep  subsoiling  furrow  under  each  row  during  the 
fallow  year  between  cane  cycles. 

The  effect  of  subsoiling  with  a  vertical  mulcher  subsoiler  on  soil  compaction  is  shown  in  Table  6. 
The  data  were  obtained  during  the  spring  of  the  first  stubble  year  in  Experiment  3  approximately  18  months 
after  subsoiling. 
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Table  6.   Effect  of  subsoiling  with  a  vertical  mulcher  subsoiler  on  soil  compaction  in  the  first  stubble 
year  of  Experiment  3  on  Commerce  soil  at  Allendale  Plantation.    

2/ 
Distance  Penetrometer  values- 

from  center  In  hardpan "  Below 


of  row—                         Not  subsoiled  Subsoiled 

(inches) --------------  -(pounds)- 


hardpan 


0  170  30  20 

6  180  45  25 

12  180  60  20 

18  160  70  20 

24  135  85  20 

30  130  110  20 

36  130  120  25 

^/Penetrometer  measurements  were  made  six  inches  apart  from  the  center  of  cane  rows  to  the  middles 

approximately  18  months  after  subsoiling. 
2/Pounds  required  to  penetrate  the  soil  with  a  probe  one-half  inch  in  diameter. 

The  amount  of  compaction,  as  indicated  by  soil  penetrometer  values,  was  very  high  in  the  hardpan 
without  subsoiling.   The  compaction  in  the  hardpan  was  higher  under  the  row  than  under  the  middles  or 
inter-row.   This  was  probably  due  to  the  deepening  of  the  middles  during  cultivation.   The  soil  compaction 
was  low  under  the  row  after  subsoiling.   The  compaction  was  lowest  in  the  area  of  the  subsoiling  furrow 
and  increased  progressively  towards  the  middles.   This  indicates  that  the  horizontal  force  caused  by  the 
wide  subsoiler  probably  fractured  the  hardpan  on  both  sides  of  the  subsoiling  furrow.   However,  the  com- 
paction was  not  reduced  appreciably  in  the  middles,  where  it  was  needed  for  good  traction  of  equipment 
during  harvest  time.   The  penetrometer  values  were  very  small  below  the  hardpan  indicating  no  compaction 
problems  deeper  in  the  root  zone. 

The  penetration  of  cane  roots  through  the  hardpan  on  the  check  plots  was  very  poor.   It  was  estimated 
by  observation  that  approximately  5%  of  the  roots  were  feeding  below  the  hardpan  without  subsoiling.   The 
root  system  was  considerably  deeper  where  the  hardpan  was  eliminated  by  subsoiling.   The  cane  leaves  showed 
less  symptoms  of  moisture  stress  with  than  without  subsoiling  during  dry  periods  in  the  summer  time. 
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EXCESS  WATER  DECREASES  CANE  AND  SUGAR  YIELDS- 

Cade  E.  Carter 

USDA-ARS 

Baton  Rouge,  Louisiana 


ABSTRACT 


Yields  of  sugarcane  under  excess  water--rainfall  in  excess  of  the  amounts  needed  for  evaporation 
from  the  soil,  transpiration  by  plants,  and  storage  in  the  soil--from  Baton  Rouge,  Donaldsonville, 
Houma,  and  Franklin,  Louisiana,  were  compared  with  average  cane  and  sugar  yields  in  West  Baton  Rouge, 
Assumption,  Terrebone,  and  St.  Mary  Parishes,  respectively,  during  1963  through  1973.   Yield  decreases 
ranged  from  0.21  to  0.95  ton  per  acre  for  cane  and  from  51  to  186  lb  per  acre  for  sugar  for  each  1-inch 
increase  in  excess  water.   Excess  water  amounts  used  in  this  study  were  received  during  various  combina- 
tions of  months  between  December  and  April,  and  yields  were  for  the  next  crop.   Excess  water  often 
exceeded  20  inches  during  the  5-month  period,  December  through  April.   Excess  water  for  groups  of 
months  that  included  February  and  March  (FM)  such  as  JFM,  FMA,  DJFM,  or  FM,  tended  to  affect  yields 
more  than  did  excess  water  for  groups  of  months  that  excluded  FM,  indicating  that  excess  water  during 
these  two  months  may  be  critical.   Usually,  sugarcane  begins  root  and  shoot  growth  in  late  February 
and  early  March  and  may  be  susceptible  to  damage  by  excess  water  during  this  time.   Results  of  this 
study  emphasize  the  need  for  improved  management  practices,  such  as  drainage,  that  will  remove  excess 
water  from  the  soil  and  reduce  its  damaging  effects  to  cane  and  sugar  yields  in  Louisiana. 

INTRODUCTION 

Sugarcane  is  a  tropical  plant  that  requires  large  quantities  of  water  and  sunshine,  high  tempera- 
tures, and  a  relatively  long  frost-free  growing  period.   Although  Louisiana's  climate  is  not  tropical, 
sugarcane  was  introduced  into  the  state  in  1751  and  later  became  a  major  crop  in  the  south-central 
parishes.   Climatic  and  soil  conditions  in  this  area  are  usually  favorable  for  growing  cane  during 
the  frost-free  period  of  March  through  mid-November.   Although  cane  doesn't  reach  full  maturity  during 
this  relatively  short  period,  it  grows  reasonably  well  most  years  and  yields  enough  sugar  to  make  it 
sufficiently  profitable  that  many  farmers  continue  producing  it. 

Yields  do  fluctuate  considerably  from  year  to  year  (Fig.  1).   The  most  frequently  mentioned  reason 
for  these  yield  fluctuations  is  adverse  climatic  conditions,  such  as  low  temperatures  in  the  spring, 
too  much  water,  or  not  enough  water.   McDonald  (5)  reported  in  1926  that  high  rainfall  from  July  through 
January  resulted  in  low  yield  from  the  next  cane  crop.   Later,  after  cane  planting  dates  were  changed 
from  January-March  to  August-October  and  many  of  the  production  practices  that  affect  cane  yield,  such 
as  weed  and  insect  control,  fertility,  varieties,  and  surface  drainage  had  been  improved,  another 
study  relating  climate  and  yields  was  reported  by  Lai  and  Patrick  (4).   They  showed  that  excess 
moisture,  particularly  in  March,  resulted  in  low  cane  yields  from  the  following  crop.   Sugarcane 
yields  for  Louisiana  peaked  in  1963,  when  the  state  average  was  29.0  tons/acre.   Since  that  time 
yields  have  declined.   The  reason  for  this  decline  is  unknown,  but  weather  conditions  may  be  partially 
responsible.   A  small  plot  experiment  at  Baton  Rouge  showed  that  high  water  tables  during  the  dormant 
season,  December  through  March,  reduced  cane  yields  from  the  next  crop  (3).   The  small  plot  experiments 
were  not  designed,  however,  to  determine  the  exact  time  when  this  damage  to  the  cane  occurred. 

The  purpose  of  this  study  was  to  determine  the  influence  of  one  aspect  of  climate--excess  water-- 
on  cane  and  sugar  yields  from  1963  to  1973,  a  period  when  yields  in  Louisiana  decreased  from  29.0 
tons/acre  in  1963  to  20.6  tons/acre  in  1973--a  production  level  similar  to  that  30  years  ago. 


1/Contribution  of  Agricultural  Research  Service,  USDA,  in  cooperation  with  the  Louisiana  Agricultural 
Experiment  Station,  Baton  Rouge,  La. 
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Fig.  1.   Louisiana  annual  cane  yields.   1963-1973. 
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PROCEDURE 

Excess  water  is  defined  here  as  the  amount  remaining  after  evaporation,  transpiration,  and  soil 
storage  requirements  have  been  met.   This  excess  water  may  pond  on  the  surface  of  the  soil  and  possibly 
cause  runoff  through  surface  drainage  systems,  or  may  accumulate  in  the  soil  profile  and  cause  the  water 
table  to  rise. 

The  amount  of  water  needed  to  meet  the  requirements  for  evaporation  from  the  soil  and  transpira- 
tion by  plants  (evapotranspiration)  was  estimated  using  Thornthwaite ' s  Water  Balance  Method  (7,  8).   This 
estimated  need  was  then  compared  with  water  sources—monthly  rainfall  and  water  stored  in  the  soil--to 
determine  if  the  sources  were  sufficient  to  meet  the  estimated  need.   If  more  water  was  available  than 
needed,  this  extra  water  was  classified  as  water  excess.   If  water  was  insufficient  to  meet  the  esti- 
mated need,  the  difference  was  classified  as  water  deficit.   Equations  and  tables  for  determining  the 
estimated  water  need  are  given  by  Thornthwaite  (8).   Data  on  average  monthly  temperatures,  monthly  rain- 
fall, latitude  of  the  location,  and  water  storage  capacity  of  the  soil  were  required  in  making  these 
estimates.   Temperature  and  rainfall  data  were  obtained  from  the  U.  S.  Department  of  Commerce  (9).   The 
water  storage  capacity  of  the  soil's  total  root  environment  was  estimated  as  6  inches. 

Monthly  water  balances  were  determined  for  four  different  locations—Baton  Rouge,  Donaldsonville , 
Houma,  and  Franklin.   The  water  excesses  and  deficits  for  each  of  these  locations  for  1963  through  1973 
were  compared  to  the  annual  average  sugarcane  and  sugar  yields  for  the  parishes  of  West  Baton  Rouge, 
Assumption,  Terrebonne,  and  St.  Mary,  respectively.   Yield  data  were  obtained  from  the  Sugar  Bulletin  (6). 

Cane  and  sugar  yields  during  1963-1973  were  not  significantly  correlated  with  water  deficits. 
There  was  evidence,  however,  of  good  correlation  between  water  excess  and  cane  and  sugar  yields.   To 
evaluate  this  more  fully,  excess  water  during  the  months  of  December  (D) ,  January  (J),  February  (F), 
March  (M) ,  and  April  (A)  (months  that  account  for  most  of  the  excess)  was  compared  with  cane  and  sugar 
yields  from  the  next  crop  individually  and  in  the  following  combinations:   DJ,  DJF,  DJFM,  DJFMA,  JF, 
JFM,  JFMA,  FM,  FMA,  and  MA.   The  linear  equation  that  provided  the  best  fit  for  the  data  points  was 
evaluated  for  each  set  of  data  using  the  method  of  least  squares.   A  test  was  made  to  determine  if  the 
slope  of  the  line  (regression  coefficient)  in  eqch  equation  was  significantly  different  from  zero  and 
a  coefficient  of  determination,  r  ,  was  calculated. 
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The  time  span  used  in  this  study  was  from  1963  through  1973,  with  1971  data  excluded  because 
Hurricane  Carmen  caused  considerable  damage  to  the  cane  crop  that  year.   Care  must  be  exercised  in 
selecting  a  time  span  for  a  study  such  as  the  one  reported  here.   If  the  span  is  too  wide  (20  years, 
for  example)  the  weather-yield  relationship  may  be  obscured  because  of  rapidly  changing  varieties 
and  cultural  practices. 

RESULTS  AND  DISCUSSION 


The  average  monthly  potential  evapotranspiration  (ET)  for  Baton  Rouge  is  shown  in  Fig.  2.   The 
potential  ET  for  the  other  three  locations  in  this  study  was  similar  in  pattern  but  slightly  higher 
in  amount.   Monthly  water  needs  in  the  Louisiana  cane-producing  area  are  seldom  balanced  with  monthly 
supply.   Large  water  excesses  usually  occur  in  the  winter  months  when  evapotranspiration  is  low  and 
rainfall  is  high,  whereas  water  deficits  occur  in  the  summer  when  evapotranspiration  is  often  higher 
than  rainfall.   Fig.  3  shows  water  excesses  and  deficits  at  Baton  Rouge  in  1969,  when  water  deficits 
were  unusually  high. 
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2.   Average  monthly  potential  evapotranspiration.   Baton  Rouge,  Louisiana.   1963-1973. 
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Fig.  3.   Monthly  water  excess  and  deficits.   Baton  Rouge,  Louisiana.   1969. 

Excess  water  during  the  winter  and  spring  months  was  associated  with  lower  cane  and  sugar 
yields  from  the  subsequent  crop.   A  negative,  linear  relationship  between  water  excess  and  yield  was 
very  pronounced  for  each  of  the  four  parishes,  with  coefficients  of  determination  (r^)  reaching  72%. 
Coefficient  of  determination  is  the  proportion  of  the  total  sum  of  squares  accounted  for  by  the 
regression  models,  which,  in  this  case,  is  the  regression  of  cane  and  sugar  yields  on  water  excess. 
The  three  combinations  of  months  that  gave  the  highest  coefficients  of  determination  for  excess  water 
and  cane  and  sugar  yields  for  West  Baton  Rouge,  Assumption,  Terrebonne,  and  St.  Mary  Parishes  are 
shown  in  Fig.  4,  5,  6,  and  7,  respectively.   Months  when  water  excess  was  significantly  (5%  level) 
correlated  with  cane  yields  and  sugar  yields  in  these  parishes  are  shown  in  Tables  1  and  2,  respec- 
tively, along  with  the  coefficients  of  determination  and  regression  coefficients. 

In  West  Baton  Rouge  Parish,  65  and  637»  of  the  variation  in  cane  and  sugar  yields,  respectively, 
were  associated  with  water  excess  during  FM  (Fig.  4).   The  slope  of  the  line  best  fitting  the  cane 
yield  and  water  excess  data  (regression  coefficient)  was  -0.54,  indicating  a  decrease  of  0.54  ton  of 
cane  per  acre  for  each  inch  of  excess  water.   The  regression  coefficient  for  sugar  yield  and  excess 
water  was  -134,  indicating  a  decrease  of  134  lb  of  sugar  per  acre  for  each  inch  of  excess  water. 
Water  excess  during  DJFM  and  FMA  was  associated  with  almost  60%  of  the  variation  in  cane  yields. 

In  Assumption  Parish  the  highest  coefficients  of  determination  for  water  excess  and  cane  yields 
and  water  excess  and  sugar  yields  were  72  and  71%,  respectively  (Fig.  5  and  Tables  1  and  2).   These 
relatively  high  values  were  for  water  excess  during  FMA  for  cane  yields  and  during  FM  for  sugar 
yields.   The  regression  coefficient  indicated  that  cane  yields  decreased  0.57  ton  per  acre  and  sugar 
yields  decreased  186  lb   per  acre  for  each  inch  of  excess  water  during  FMA  and  FM,  respectively. 

In  Terrebonne  Parish,  63%  of  the  variation  in  cane  yields  and  55%  of  the  variation  in  sugar 

yields  were  associated  with  excess  water  during  JFMA  (Fig.  6  and  Tables  1  and  2).   Cane  yields 

decreased  0.33  ton  per  acre  and  sugar  yields  decreased  73.2  lb  per  acre  for  each  inch  of  excess 
water  during  JFMA. 

In  St.  Mary  Parish,  677o  of  the  variation  in  cane  yields  was  due  to  water  excess  during  FMA  and 
59%  of  the  variation  in  sugar  yields  was  due  to  water  excess  during  JFMA  and  DJFMA  (Fig.  7  and 
Tables  1  and  2).   The  regression  coefficient  indicated  that  cane  yields  decreased  0.41  ton  per  acre 
and  sugar  yields  82  lb  per  acre  for  each  1-inch  increase  of  excess  water. 
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Relationship  between  average  parish  cane  and  sugar  yields  and  excess  water  during 
months.   West  Baton  Rouge  Parish,  Louisiana.   1963-1973. 
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Fig.    6.      Relationship   between  average   parish   cane    and    sugar   yields   and   excess   water   during   various 
months.      Terrebonne   Parish,    Louisiana.      1963-1973. 
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Table  1.   Coefficients  of  determination,  r2,  and  regression  coefficients,  b,  from  linear  regression  of 
water  excess  and  cane  yields  during  various  months.   1963-1973. 


Time 
(months) 


A 

M 

MA 

FMA 

FM 

JFM 

JFMA 

DJFMA. 

DJFM 

DJ 


West  Baton  Rouge 

~~ 71  7~^ 


50 

-.41 

58 

-.35 

65 

-.54 

50 

-.31 

56 

-.27 

58 

-.21 

59 

-.26 

Assumption 

7 ^T 


72 

-.57 

56 

-.71 

49 

-.31 

41 

-.25 

Parish 


Terrebonne 

-71         r 


46 

-.36 

43 

-.95 

47 

-.44 

63 

-.33 

57 

-.25 

54 

-.38 

42 

-.43 

St.  } 

lary 

r2 

b 

.42 

-.57 

.49 

-.76 

.67 

-.41 

.55 

-.62 

.62 

-.32 

.57 

-.25 

Table  2.   Coefficients  of  determination,  r2,  and  regression  coefficients,  b,  from  linear  regression  of 
water  excess  and  sugar  yields  during  various  months.   1963-1973. . 


Time 
(months) 


M 

MA 

FMA 

FM 

JFM 

JFMA 

DJFMA 

DJFM 

DJF 

DJ 


West  Baton  Rouge 

~7  b 


50 

-105 

44 

-  78 

63 

-134 

58 

-  84 

53 

-  67 

51 

-  51 

60 

-  67 

44 

-  69 

44 

-101 

Parish 


Assumption 

72  b 


61 

"122 

71 

-186 

49 

-  81 

58 

-  79 

49 

-  63 

41 

-  62 

Terrebonne 

72 b 


50 

-107 

55 

-  73 

45 

-  53 

48 

-  84 

.40 


-  98 


St.  Mary 


43 

-183 

47 

-  79 

49 

-  92 

43 

-145 

42 

-  84 

59 

-  82 

59 

-  67 

February  and  March  were  the  months  in  which  excess  water  was  most  frequently  correlated  with 
decreased  cane  yields  in  this  study.   These  two  months  are  included  in  every  graph  in  Fig.  4  through 
7  and  are  shown  frequently  in  Tables  1  and  2.   Wet  soil  during  these  months  may  cause  an  aerobic  condi- 
tion or  favor  soil  pathogens  which  adversely  affect  the  plant  population,  vigor,  and  the  development 
of  surviving  plants. 

These  data  suggest  the  need  for  management  practices  or  systems  that  will  reduce  or  alleviate 
problems  caused  by  excess  water  in  the  sugarcane  area  of  Louisiana.   Most  sugarcane  farmers  have  lc 
recognized  the  need  for  surface  drainage  and  many  acres  are  precision  graded  each  year.   This  practice, 
however,  does  not  completely  solve  the  problem.   Excess  water  can  cause  the  water  table  in  the  soil  to 
rise  into  the  root  zone  of  sugarcane,  creating  a  serious  problem.   Experiments  at  Baton  Rouge  and 
Houma  have  shown  that  subsurface  drainage  was  very  effective  in  preventing  damage  by  high  water  tables 
in  Mhoon  silty  clay  soil.   This  resulted  in  an  increase  in  cane  and  sugar  yields  as  well  as  stand 
longevity  (1,  2). 
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DRAINAGE  FOR  SUGARCANE   IN  LOUISIANA:      A  REVIEW 

C.  R.  Camp 

USDA,  ARS 

Baton  Rouge,  Louisiana 


ABSTRACT 


The  need  for  adequate  drainage  of  sugarcane  land  has  been  recognized  for  at  least  the  past  120 
years.   High  rainfall  frequency  and  annual  amount  combine  with  slowly  permeable  soils  to  create  a 
severe  problem;  surface  drainage  has  received  much  attention  since  initial  recognition  of  the  drainage 
problem.  Various  cultural  practices,  such  as  planting  on  18-inch  ridges,  have  proved  successful  and 
generally  remain  in  practice  today.   However,  other  surface-drainage  procedures  have  changed  through 
the  years.   Initially,  parallel,  lateral  drainage  ditches  were  spaced  100  to  250  feet  apart  and  ranged 
from  18  to  36  inches  deep.   As  tillage  and  other  management  practices  altered  the  soil  surface  to 
create  additional  drainage  problems,  split  ditches  were  placed  between  existing  lateral  ditches. 
Later,  land  grading  i.e.,  turtlebacking,  was  introduced  to  provide  better  drainage  of  surface 
depressions  and  better  water  movement  through  furrows  and  quarter  drains  to  the  lateral  drains. 
In  the  past  10  to  20  years,  precision  surface  grading  has  provided  surface  drainage,  while  it  has 
also  eliminated  many  lateral  ditches.   Subsurface  drainage  was  installed  in  this  region  as  early  as 
1887,  and  farm  systems  were  installed  as  late  as  1914.  Most  of  these  failed,  because  adequate  outlets 
were  not  maintained  and  sediment  filled  the  drain  lines.   An  experiment  was  conducted  between  1934 
and  1937  to  determine  the  response  of  sugarcane  to  both  subsurface  and  open-ditch  drainage,  both 
with  pumped  outlets.   Another  experiment,  using  corrugated  polyethylene  drainage  tubing,  was  started 
in  1972  and  is  continuing  at  the  present  time.   Results  to  date  indicate  a  high  potential  for 
increased  sugar  yields. 
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DISTRIBUTION  OF  CARBOHYDRATES  AND  POTASSIUM 
IN  SUGARCANE  PARTsl' 

J.  E.  Irvine 

U.  S.  Sugarcane  Field  Laboratory,  ARS ,  USDA, 

Houma,  Louisiana   70360 

ABSTRACT 

Samples  of  field-grown  plant  cane  of  CP  65-357  were  harvested  in  November  and  December.   The 
samples  were  divided  into  11  parts:   dead  leaves,  green  leaf  blades,  sheaths,  leaf  roll,  soft  stem 
tips,  four  60  cm  segments,  stubble  pieces,  and  roots.   The  sub-samples  were  milled  and  the  extracted 
juice  was  frozen  and  later  analyzed  for  starch,  soluble  polysaccharides  (gums),  sucrose,  glucose,  and 
fructose.   The  starch  concentration  was  highest  in  the  leaf  blades  and  increased  dramatically  during 
the  day.   Soluble  polysaccharides  were  high  in  both  green  and  dead  leaves.   Reducing  sugars  were 
high  in  the  leaf  roll  and  stem  tip.   Sucrose  was  detectable  in  all  parts  but  was  most  abundant  in  the 
lower  half  of  the  stalk.   Potassium  content  was  lowest  in  roots  and  increased  upward  within  the  plants, 
the  highest  concentrations  being  found  in  the  tops.   Stubble  pieces  were  higher  in  sucrose  than  the 
upper  60  cm  segment,  and  slightly  lower  than  the  remaining  120  cm.   Millable  cane  was  66%  tops  and 
19%  of  the  entire  plant  as  harvested.   Because  the  high  content  of  starch,  gums,  and  reducing  sugars 
can  lower  sucrose  recovery,  cane  tops  constitute  a  most  damaging  form  of  cane  trash. 

INTRODUCTION 

Sugarcane  delivered  to  the  mill  is  traditionally  divided  into  millable  stalks  and  trash;  payment 
includes  a  penalty  for  trash  (1).   This  penalty,  based  on  weight,  makes  no  allowance  for  the  type  of 
trash,  whether  green  tops,  dead  leaves,  stubble,  or  mud,  although  trash  type  does  affect  milling 
characteristics  (12).   The  worldwide  move  from  hand  to  mechanical  harvesting  assures  increasing  amounts 
of  trash  in  cane  sent  to  the  mills. 

The  constituents  of  the  millable  stalks  have  been  described  in  detail  and  reviews  are  available 
(4,  13).   Water,  sucrose,  and  fiber  are  the  main  constituents  of  millable  stalks,  and  dextrose,  levulose, 
gums,  starch,  amino  and  organic  acids,  proteins,  colorants,  and  minerals  are  minor  constituents.   Their 
effects  on  sucrose  recovery  and  the  quality  of  refined  sugar  have  been  extensively  studied.   The 
constituents  of  trash  components  have  not  been  investigated  so  thoroughly,  but  such  studies  have  included 
colorants  (6)  and  potassium  concentration  (9). 

The  purpose  of  the  present  study  was  to  survey  the  cane  plant  in  terms  of  its  component  parts  and 
the  constituents  that  might  affect  sucrose  recovery. 

MATERIALS  AND  METHODS 

Entire  plants  of  the  variety  CP  65-357,  including  tops,  stalks,  dead  leaves,  stubble,  and  attached 
roots,  were  harvested  in  November  and  December,  1975.   Sampling  was  done  on  9  separate  dates,  and 
samples  were  taken  at  6  and  9  AM,  12  N  and  3  and  6  PM.   No  sampling  time  was  represented  by  less  than 
5  samples;  3  were  sampled  8  times,  giving  a  total  of  34  samples.   Harvesting  samples  was  avoided  during 
cloudy  periods. 

In  sampling,  the  entire  stool  was  dug,  freed  of  excess  dirt,  and  rapidly  transported  to  the 
laboratory.   The  plant  was  divided  into  green  leaf  blades,  leaf  sheaths,  leaf  roll,  dead  leaves,  stem 
tip  (terminal  bud  and  elongating  internodes) ,  the  1st  (upper),  2nd,  3rd  and  4th  60  cm  segments  of 
millable  stalk,  stubble  (underground  parts  of  stalks  and  developing  shoots),  and  those  roots  attached 
to  the  stubble.   Stalks  that  were  longer  than  240  cm  were  trimmed  at  the  base.   Each  sub-sample  was 
weighed  and  the  stalk  and  stubble  samples  were  ground  on  a  sample  mill  (25,000  psi) ;  all  other  sub- 
samples  were  finely  chopped  and  the  juice  was  extracted  by  a  hydraulic  press  (20,000  psi).   Extracted 
juice  was  weighed,  bagged  in  polyethylene,  and  frozen  for  later  chemical  analyses. 

Juice  samples  were  analyzed  for  brix,  sucrose,  and  purity  by  traditional  methods  (13).   Sucrose, 
dextrose,  levulose,  and  other  sugars  were  assayed  by  high  pressure  liquid  chromatography.   Starch 
concentration  was  measured  by  the  iodometric  technique  (2),  which  is  rapid  but  gives  values  approxi- 
mately one-half  of  true  values  (3).   Soluble  polysaccharides  were  measured  colorimetrically  with  phenol- 
sulfuric  acid  after  alcoholic  precipitation  (16).   Potassium  ion  concentrations  in  juice  samples  were 
determined  by  a  specific  ion  electrode. 


i'A  contribution  from  ARS,  USDA,  in  cooperation  with  the  Louisiana 


;ricultural  Experiment  Station. 
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RESULTS  AND  DISCUSSION 

The  relative  weights  of  the  various  sugarcane  plant  parts  are  presented  in  Table  1.   Of  the 
entire  plant,  only  66.1%  is  millable  stalk,  the  remaining  33.9%  is  defined  as  trash  (1).   The  portion 
defined  as  millable  stalk,  when  divided  into  4  sections  of  equal  length,  showed  a  progressive  increase 
in  weight  from  top  to  bottom.   This  is  due  to  an  increase  in  diameter  and  to  an  increase  in  sucrose 
content.   Of  the  part  classified  as  trash,  a  portion  (10.6%  of  total)  seldom  reaches  the  mills;  this 
is  the  stubble  and  attached  roots.   The  greatest  single  component  of  cane  trash  was  the  green  leaf 
blades  (11.1%  of  the  total)  and  the  entire  top  (blades,  sheaths,  leaf  roll  and  stem  tip)  accounted  for 
19%  of  the  entire  plant.   Dead  leaves  (both  blade  and  sheath)  accounted  for  but  4.3%  of  the  total; 
this  is  an  underestimate  because  only  attached  leaves  were  samples  and  the  dead  leaves  were  very  dry 
at  all  sampling  dates.   Imbibition  of  rain  water  would  increase  the  percentage  of  dead  leaf  material. 


Table  1.   Sugarcane  parts, 

their  proport 

ion,  juice 

extract 

:ion,  carbo 

hydrate,  and  \ 

potassium  c 

ontent. 

Weight 

Extraction 

Chemical  constituent,  mg/ml 

•juice 

Part 

Starch 

Gums 

Sucrose 

Dextrose 

Levulose 

Potassium 

Blade 

% 
ll.ll/ 

% 
40.6 

.320 

5.05 

7.72 

6.76 

3.75 

4.55 

Sheath 

4.3 

38.6 

.050 

3.84 

14.20 

5.92 

3.33 

4.42 

Leaf  roll 

2.0 

48.2 

.084 

5.69 

6.85 

13.60 

7.56 

5.00 

Stem  tip 

1.6 

47.6 

.077 

5.54 

14.82 

17.52 

17.94 

4.07 

Millable  stalk 

Top  60  cm 

14.0 

69.3 

.101 

1.70 

103.46 

9.84 

6.88 

2.59 

2nd  60  cm 

14.8 

71.3 

.081 

1.40 

154.88 

6.08 

5.38 

2.56 

3rd  60  cm 

17.8 

73.6 

.055 

1.31 

181.85 

4.09 

3.63 

2.15 

4th  60  cm 

19.5 

71.1 

.043 

1.24 

185.10 

2.80 

3.06 

1.91 

Stubble  2/ 

9.3 

65.3 

.059 

2.01 

152.50 

5.94 

3.01 

1.43 

Roots!/ 

1.3 

27.2  , 
37.  li/ 

0 

1.28 

8.76 

2.50 

1.25 

0.52 

Dead  leaves 

4.3 

0 

6.50 

0 

0 

0 

1.02 

LSD  5% 

2.8 

5.2 

0.040 

0.39 

9.15 

2.37 

1.83 

0.67 

I/Each  number  is  the  average  of  34  samples. 

2/ Stubble  consisted  of  below  ground  parts  of  stalks  and  new  shoots  washed  free  of  soil. 

3/Roots  were  root  stumps  attached  to  stubble  stool  when  pulled  from  ground.   Roots  were  washed  and  no 

attempt  was  made  to  secure  the  entire  system. 
4-/Dead  leaves  were  saturated  with  distilled  water.   Extraction  datum  does  not  represent  the  true  value. 

Juice  extraction,  expressed  as  percent  fresh  weight,  was  highest  in  stalk  segments  and  less  in  the 
various  trash  components.   Among  these,  extraction  was  highest  in  the  stubble,  less  in  the  stem  tip  and 
leaf  roll,  still  less  in  the  leaf  blade  and  sheath,  and  least  in  the  roots.   The  juice  extraction  of 
cane  tops  was  only  60%  that  of  the  millable  stalks. 

Of  the  chemical  constituents  studied,  only  starch  varied  significantly  (1%  level)  with  the  time  of 
day  that  the  sample  was  harvested.   In  the  parts  assayed  for  starch,  this  variation  was  striking  in  the 
leaf  blades  (Fig.  1),  and  influenced  the  variation  in  the  entire  cane  top.   No  diurnal  variation  in 
starch  content  was  detectable  in  any  part  other  than  the  green  leaf  blades.   Obviously  due  to  the 
accumulation  of  photosynthate  during  the  day  and  its  removal  at  night,  the  diurnal  variation  in  starch 
may  affect  sugar  recovery  at  the  mill. 

In  processing,  when  juice  exceeds  71C,  starch  is  "pasted",  or  solubilized,  and  rather  than  being 
eliminated  with  the  mud  in  clarification,  it  remains  in  the  clarified  juice,  concentrating  as  the  juice 
is  evaporated  when  it  increases  viscosity  and  inhibits  crystallization.  Harvesting  systems  which  do  not 
effectively  remove  tops  or  green  leaf  blades  add  to  the  starch  load  in  clarification.   Cane  tops 
harvested  in  the  morning  hours  would  have  the  lowest  starch  content  (Fig.  1)  and  those  harvested  in  the 
afternoon  or  evening  would  have  the  highest.   Cane  tops  harvested  on  sunny  days  may  have  more  starch 
than  those  harvested  on  cloudy  days. 

Soluble  polysaccharides  (gums)  were  detected  in  all  parts  of  the  sugarcane  plant.   Highest  gum 
values  were  obtained  from  leaves,  either  green  or  dead.   The  presence  of  water-soluble  gums  in  dead 
leaves  exposed  to  rain  was  a  surprise.   That  gums  in  dead  leaves  may  be  a  deterioration  product  is 
supported  by  the  discovery  of  Roberts  (15)  of  many  unusual  carbohydrate  fractions  in  extracts  and  gum 
hydrolysates  from  dead  leaves.   Gums  were  less  abundant  in  the  millable  stalk,  and  stalk  segments 
showed  a  decreasing  concentration  from  top  to  bottom  of  the  stalk.   Stubble  pieces  were  higher  in  gums 
than  were  stalks  and  roots,  due  to  the  presence  of  young  shoots,  whose  morphology  and  composition  are 
similar  to  those  of  the  tops. 
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Figure  1.   Diurnal  change  in  iodometric  starch  in  sugarcane  leaves  and  tops  var.  CP  65-35  7. 

Sucrose  was  detected  in  all  parts  of  the  cane  plant  except  the  dead  leaves.   It  was  the  most 
abundant  carbohydrate  in  all  parts  except  these  and  the  leaf  roll.   Sucrose  was  lowest  in  the  leaf 
roll,  green  leaf  blades,  and  roots,  and  was  highest  in  the  bottom  60  cm  stalk  segments.   High  concen- 
trations of  sucrose  were  found  in  the  stubble  pieces,  comparable  to  the  lower  75%  of  the  millable  stalk. 
Sucrose  concentrations  in  the  stubble  were  diluted  by  the  presence  of  young  shoots,  whose  sucrose  content 
was  similar  to  that  of  cane  tops.   Clumps  of  stubble  inadvertently  delivered  to  the  mill  by  mechanical 
harvesting  systems  have  been  classified  as  trash  (1).   These  data  (Table  1)  indicate  that  the  quality 
of  the  stubble,  excluding  adhering  mud,  is  higher  than  the  upper  part  of  the  stalk  and  its  classification 
as  trash  needs  reexamination. 

The  ratio  of  sucrose  to  invert  sugars  (dextrose  and  levulose)  varied  considerably  within  the  cane 
plant.   This  ratio  is  significant  in  determining  potential  sugar  and  molasses  yields.   In  the  cane  top, 
this  ratio  was  0.61,  while  in  the  millable  stalk,  it  was  14.97.   Within  the  millable  stalk,  the  sucrose/ 
invert  ratio  increased  from  6.19  in  the  upper  segments  to  31.59  in  the  lower  60  cm  segments. 

Moderate  in  leaf  blades  and  sheaths,  the  dextrose  concentration  was  highest  in  the  leaf  roll  and 
stem  tip  where  cell  division  and  elongation  occur.   In  the  millable  stalk,  dextrose  was  highest  in  the 
top  60  cm  and  progressively  decreased  in  successively  lower  segments.   The  stubble  showed  a  higher 
dextrose  content,  as  it  did  of  starches  and  gums,  due  to  the  young  shoots  included  in  the  sample. 
Dextrose  was  lowest  in  the  roots,  and  none  was  observed  in  the  dead  leaves  at  the  level  of  detection 
employed  (0.05  mg/ml). 

The  ratio  of  dextrose  to  levulose  (D/L  ratio)  ,  which  can  affect  the  accuracy  of  polarimetric 
sucrose  analyses,  has  been  reported  to  vary  with  variety  and  season  (11).   The  D/L  ratio  also  varies 
within  the  plant;  calculations  made  from  the  data  in  Table  1  show  a  range  of  2.0  to  0.9.   The  D/L 
ratio  was  higher  in  the  roots,  stubble,  blades,  sheaths,  and  leaf  roll,  and  was  lower  in  the  stem  tip 
and  decreased  progressively  down  the  stalk.   The  high  invert  content  of  cane  tops  plus  the  high  D/L 
ratio  could  cause  false  high  polarization  readings  in  sucrose  determinations,  should  sufficient  tops 
be  delivered  to  the  mills.   It  is  unlikely  that  a  low  D/L  ratio  would  cause  false  low  pol  readings, 
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because  low  D/L  ratios  are  associated  with  low  levels  of  invert  sugars  and  high  levels  of  sucrose; 
this  association  occurs  in  varieties  and  seasons  (11)  as  well  as  within  the  plant  (Table  1). 

The  levulose  content  of  the  various  parts  was  similar  to  that  of  dextrose.   Levulose  was  highest 
in  the  stem  tip  and  leaf  roll,  and  lowest  in  the  roots.   Levulose  also  decreased  progressively  in  lower 
stalk  segments,  but  as  the  change  in  the  D/L  ratio  showed,  levulose  decreased  at  a  slower  rate  than 
dextrose,  so  that  in  the  basal  60  cm  segments,  levulose  was  slightly  greater  in  concentration  than 
dextrose.   These  were  the  only  parts  to  show  a  D/L  ratio  of  less  than  1.   No  levulose  was  detected  in 
the  dead  leaves. 

These  data  show  general  agreement  with  models  of  sugar  transport  and  storage.   Products  of  photo- 
synthesis are  translocated  immediately  (10)  as  hexoses  or  as  sucrose  (8,  10),  or  they  may  be  stored 
temporarily  as  starch  (these  data)  in  the  blades,  when  the  rate  of  photosynthesis  exceeds  the  rate  of 
sucrose  removal  by  translocation.   Movement  of  sugars  is  achieved  by  a  light -driven  system  and  an 
ancillary  system  (8,  10)  and  proceeds  downward  at  a  rate  of  1  to  2  cm  per  minute  (10).   Sucrose  can 
move  to  all  parts,  even  other  stalks  of  the  same  stool  (8)  but  generally  accumulates  in  the  stalk, 
lower  internodes  being  highest  and  upper  internodes  lowest  in  sucrose  content.   Several  mechanisms 
have  been  proposed  for  moving  sucrose  into  storage  cells  against  a  concentration  gradient  (8).   They 
include  the  conversion  of  sucrose  to  hexoses  by  free  space  invertase,  with  hexose  transport  across  the 
cell  membrane  and  subsequent  reconversion  to  sucrose  and  storage  in  the  cell  vacuole. 

Potassium  was  found  in  all  parts  of  the  plant,  including  the  dead  leaves.   The  potassium  ion  con- 
centration was  highest  in  the  tops  and  lowest  in  the  roots;  this  gradient  was  repeated  throughout  the 
stalk.   The  capacity  of  plants  to  accumulate  potassium  against  a  concentration  gradient  is  confirmed 
by  these  data  and  there  is  almost  a  tenfold  increase  in  potassium  ion  concentration  from  the  roots  to 
the  leaves.   Potassium  is  the  major  ash  constituent  of  sugarcane.   It  is  not  precipitated  in  clarifi- 
cation but  increases  in  concentration  in  processing  (13)  ,  and  high  potassium  levels  are  associated  with 
lowered  sucrose  recovery  and  high  purity  in  the  final  molasses. 

Sucrose  recovery  is  not  simply  a  function  of  concentration,  but  is  affected  by  fiber,  extraction, 
resorption,  and  by  the  presence  of  substances  that  inhibit  crystallization.   From  the  extraction  data 
in  Table  1,  the  sucrose  content  of  millable  stalks  was  calculated  to  be  11.3%,  and  that  of  the  tops  was 
0.4%.   Not  all  of  this  can  be  extracted  from  the  stalks  because  after  passage  through  the  mill  train, 
the  bagasse  from  stalks  contains  about  3%  sucrose.   If  stalks  and  tops  were  milled  together,  the 
additional  bagasse  formed  from  the  tops  would  resorb  sucrose  expressed  from  the  stalks,  causing  losses. 
The  juices  expressed  from  the  tops  also  have  the  same  nonsucrose  solids  that  inhibit  crystallization 
and  are  major  molasses  constituents;  these  are  dextrose,  levulose,  gums,  starch,  and  potassium.   From 
the  data  of  Table  1 ,  the  percent  of  these  crystallization  inhibitors  in  tops  and  in  millable  stalks 
was  calculated  (Table  2).   The  net  effect  of  milling  cane  with  tops  is  to  reduce  the  available  sucrose 
and  increase  the  amount  of  nonsucrose  solids.   The  empirical  rule  of  Winter's,  restated,  says  that 
nonsucrose  solids  will  prevent  40%  of  their  weight  in  sucrose  from  crystallizing  (7).   From  the  data 
in  Table  2,  calculations  show  that  a  ton  of  millable  cane  would  contain  102  kg  (225  lb)  of  sucrose 
together  with  8.6  kg  (19  lb)  of  nonsucrose  solids,  while  a  ton  of  tops  would  contain  3.6  kg  (8  lb)  of 
sucrose  and  9.1  kg  (20  lb)  of  nonsucrose  solids.   Using  Winter's  factor  (7),  the  loss  of  sucrose  from 
the  nonsucrose  solids  in  the  stalks  and  the  tops  (given  equal  weights)  would  be  3.3  and  3.6  kg  (7.2 
and  8.0  lb),  respectively.   Similarly,  a  ton  of  cane  with  tops  attached  would  contain  76.3  kg  (168.3  lb) 
of  sucrose  and  3.5  kg  (7.7  lb)  of  this  would  be  lost  to  nonsucrose  solids. 

Table  2.   Relation  of  sucrose  and  sucrose  crystallization  inhibitors  in  millable  stalks  and  tops  of 
variety  CP  65-357. 


Sucrose 

% 

0.401/ 
11.26 

Anti- 

-crystal 

Lzers 

Source 

Dextrose 
% 

0.35 

0.38 

Levulose 

Gums 

Starch 

Potassium 

Tops 

Millable 
cane 

% 
0.25 
0.32 

% 
0.20 
0.10 

% 
0.010 
0.005 

% 
0.19 
0.16 

_1_/Numbers  are  calculated  from  Table  1  using  the  constituent  value,  the  extraction  of  each  part  and  the 
weighted  averages  of  the  4  stalk  segments  for  cane,  and  the  blade,  sheath,  roll  and  tip  for  tops. 

Winter's  factor  treats  all  nonsucrose  solids  as  equal  in  the  inhibition  of  sucrose  crystallization, 
but  other  workers  (5)  have  shown  that  inhibition  increases  with  increased  molecular  weight  in  some 
instances.   Thus,  starch  and  gums,  high  molecular  weight  polymers,  may  cause  more  inhibition  than  the 
simple  sugars  or  mineral  constituents.   Because  sugarcane  tops  have  twice  the  starch  and  gums  (Table  2) 
of  the  millable  stalks,  their  contribution  of  nonsucrose  solids  would  more  effectively  inhibit 
crystallization. 
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These  data  suggest  that  those  parts  of  the  cane  plant  that  are  defined  as  trash  (1)  do  not  behave 
only  as  inert  filler,  but  cause  sucrose  losses  by  resorption  (except  stubble),  or  by  adding  nonsucrose 
solids  to  the  extracted  juice.   The  total  effect  depends  on  the  sucrose  content  of  the  trash,  its 
extraction,  and  the  nature  and  action  of  the  solids  it  contributes  to  the  mixed  juices.   The  data 
imply  that  hand-cut  and  cleaned  cane  is  the  best  raw  material  for  the  sugar  mill,  and  that  harvesting 
systems  that  include  increasing  amounts  of  cane  trash  deliver  raw  material  of  decreasing  quality.   That 
sugar  can  be  made  (with  difficulty)  from  cane  with  all  tops  intact  has  been  demonstrated  (Polack,  14), 
but  the  economic  balance  has  yet  to  be  determined. 
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SPECIFIC  GRAVITY,  FIBER,  AND  MINERAL  CONTENT  OF 
CP  56-59  AND  CP  63-588  SUGARCANE  IN  FLORIDA 

G.  Kidder-',  N.  I.  James-/,  and  G.  J.  Gascho^ 

ABSTRACT 

Plant  and  ratoon  crops  of  commercially  grown  CP  56-59  and  CP  63-588  were  sampled  in  November  1975 
to  determine  the  influence  of  crop,  variety,  and  location  on  specific  gravity  and  percent  fiber  of 
sugarcane.   Hand-stripped,  millable  stalks  were  collected  from  three  locations:   sandy  soils  west  of 
Lake  Okeechobee,  muck  soils  south  of  Clewiston,  and  muck  soils  east  of  Belle  Glade.   Neither  crop,  variety, 
nor  location  affected  specific  gravity.   Average  fiber  contents  of  CP  56-59  and  CP  63-588  were  11.' 75%  and 
10.04%,  respectively.   Fiber  was  highest  (11.34%)  on  sand  land  and  lowest  (10.53%)  on  muck  east  of 
Belle  Glade.   For  cane  with  the  same  brix  and  sucrose  in  the  first  expressed  juice,  each  percentage 
increase  in  fiber  decreased  the  normal  juice  extracted  by  1.5  percentage  points  and  decreased  the  amount 
of  recoverable  sugar  by  2%.   Crop  (plant  or  first  ratoon)  did  not  influence  fiber  content  and  no  inter- 
actions were  found.   Chemical  analyses  were  performed  on  millable  stalks  of  ratoon  CP  56-59.   Cane 
grown  on  sand  lands  was  higher  in  P  and  lower  in  N,  K,  and  Mg  than  that  grown  on  muck. 

INTRODUCTION 

Sugarcane  in  Florida  is  presently  grown  on  both  sand  and  organic  soils.   Producers  have  expressed 
concern  about  apparent  high  fiber  and  variable  specific  gravity  in  cane  grown  on  the  sand. 

Specific  gravity  of  sugarcane  (ratio  of  weight  of  cane  to  weight  of  equal  volume  of  water)  is  not 
often  measured.   Evans  (4)  discussed  the  influence  of  pithiness  on  specific  gravity  and  reported  ranges 
of  0.703  to  0.848  and  0.948  to  1.065  for  pithy  and  nonpithy  portions  of  stalks,  respectively.   Miller 
and  James  (6)  found  average  stalk  specific  gravity  of  52  sugarcane  clones  to  be  1.06  with  a  range  of 
0.87  to  1.15.   Specific  gravity  was  not  an  important  yield  component  in  that  population. 

Arceneaux  et_  al .  (2)  showed  differences  in  fiber  content  due  to  location  and  crop  in  Louisiana. 
Snow  (7)  found  no  difference  in  the  hard  fiber  (rind  and  vascular  tissue)  to  pith  (soft,  inner  stalk 
tissue)  ratio  when  cane  was  grown  at  different  geographical  locations  and  on  different  soil  types  in 
Florida.   He  did  not  report  fiber  content. 

Andreis  (1)  reported  plant  nutrient  content  of  millable  stalks  and  trash  for  four  Clewiston  (CI) 
varieties  grown  on  Florida  organic  soils  and  found  that,  except  for  higher  nitrogen,  the  results  were 
similar  to  those  observed  in  Louisiana.   There  is  no  information  on  nutrient  content  of  millable  stalks 
for  cane  grown  on  sand  in  Florida.   Knowledge  of  the  amount  of  mineral  elements  in  millable  sugarcane 
stalks  will  aid  in  establishing  the  levels  of  nutrients  removed  by  harvesting  and  in  determining  the 
nutrient  requirements  of  a  sugarcane  crop. 

We  report  here  specific  gravity  and  fiber  content  for  plant  and  first  ratoon  crops  of  two  varieties 
of  sugarcane  grown  at  three  locations  in  Florida.   Mineral  content  of  the  ratoon  crop  of  one  variety 
at  the  three  locations  is  also  reported. 

MATERIALS  AND  METHODS 

Four  6-stalk  samples  were  obtained  from  each  of  four  fields  of  two  varieties,  CP  56-59  and  CP  63-588, 
in  plant  and  first  ratoon  crops  at  each  of  three  locations.  Hand-stripped  samples  were  collected  on 
November  17  and  18,  1975  by  taking  two  stalks  from  each  of  three  stools  near  the  four  corners  of  fields 
that  ranged  in  size  from  4  to  16  hectares.  Location  1  was  on  sand  from  two  farms  west  of  Lake  Okeechobee, 
one  25  km  north  and  the  other  15  km  south  of  Moore  Haven;  plant-crop  fields  of  CP  56-59  were  not  available 
at  the  same  farm  where  all  other  samples  for  Location  1  were  obtained.  Location  2  was  on  muck  25  km  south 
of  Clewiston  and  Location  3  was  on  muck  25  km  east  of  Belle  Glade. 

Samples  were  divided  to  provide  two  subsamples  each  containing  the  equivalent  of  two  stalks. 
Stalks  were  cut  into  three  pieces  of  equal  length.   The  top  segment  of  one  stalk,  the  middle  segment 
of  a  second,  the  bottom  segment  of  a  third,  and  comparable  segments  from  the  fourth  through  the  sixth 
stalk  constituted  Subsample  1.   The  middle  segment  of  the  first  stalk,  the  bottom  segment  of  the  second, 
top  segment  of  the  third,  and  comparable  segments  from  the  fourth  through  the  sixth  stalk  constituted 
Subsample  2.   Remaining  stalk  segments  were  discarded. 


—Agricultural  Research  and  Education  Center,  Belle  Glade,  FL  33430 
±-'U.  S.  Sugarcane  Field  Station,  Canal  Point,  FL  33438 


58 


m 


Specific  gravity  was  determined  on  Subsample  1  by  water  displacement.   The  subsample  was  weighed, 
immersed  in  water,  and  the  weight  of  the  displaced  water  was  determined.   Specific  gravity  was 
calculated  by  dividing  fresh  weight  by  weight  of  displaced  water. 

Fiber  content  of  Subsample  2  was  determined  as  percent  of  fresh  weight,  as  is  customary  in  sugarcane 
work.   The  stalk  segments  were  passed  through  a  Jeffco  Cutter-Grinder  to  macerate  the  material  without 
juice  loss.   Duplicate  200  to  300  g  aliquots  of  macerated  material  were  placed  in  fine-mesh  cotton  bags 
and  weighed.   The  bags  were  washed  and  rinsed  twice  in  automatic  washing  machines  with  vertical  agitators 
to  remove  the  soluble  solids.   Wash  and  rinse  water  temperatures  were  ca.  60  C  and  21  C  respectively. 
After  washing,  the  bags  were  placed  in  a  forced  air  dryer  at  60  C  for  12  hours  and  then  maintained  at 
105  C  until  dry.   Fiber  percentage  was  calculated  as  (dry  weight/fresh  weight)  x  100. 

In  addition,  50  to  100  g  aliquots  of  macerated  material  from  Subsample  2  were  dried  at  70  C, 
weighed  to  determine  moisture  content,  and  ground  in  a  stainless  steel  Wiley  mill  in  preparation  for 
chemical  determinations. 

Due  to  laboratory  limitations,  not  all  samples  were  analyzed  chemically.   The  plant  material  of 
ratoon  CP  56-59  was  selected  for  analysis  and  wet-digested  using  perchloric  acid.   Concentrations  of 
K,  Ca,  Mg,  Cu ,  Mn,  Zn  and  Fe.  were  determined  by  atomic  absorption  spectrophotometry  and  P  was  determined 
by  colorimetry.   Nitrogen  was  determined  by  semi-micro  Kjeldahl.   Silicon  was  determined  by  atomic 
absorption  of  a  solution  prepared  by  fusion  with  NaOH. 

The  data  were  analyzed  as  a  three-way  factorial  with  location,  variety,  and  crop  considered  as 
factors.   Fields,  samples,  and  subsamples  were  nested  within  these  classifications.   Multiple  regression 
analyses  using  least  squares  procedures  for  fitting  constants  (3)  were  performed  with  the  aid  of  a 
computer. 

RESULTS  AND  DISCUSSION 

There  were  no  significant  differences  in  specific  gravity  due  to  location,  variety,  or  crop  (Table  1) 
Mean  specific  gravity  ranged  from  1.097  to  1.106  (Table  2),  only  a  1%  difference.   These  values  are 
approximately  equal  to  the  1.06  determined  previously  for  52  clones  at  Canal  Point  (5).   It  is  unlikely 
that  specific  gravity  of  cane  is  a  factor  in  differential  tonnage  yields  under  the  field  conditions 
tested.   Specific  gravity  may  be  more  important  in  early  flowering  varieties  where  pithiness  sometimes 
develops.   Pithiness  was  not  observed  in  the  canes  tested  in  this  study. 


Table  1. 

Summary  of  analysis  of  variance  for 

specific  gravity  and  fiber  content. 

Source 

df 

Specific 

gravity                     Fiber 

Location  2 

Variety  1 

Location  x  variety  2 

Crop  1 

Location  x  crop  2 

Variety  x  crop  1 

Location  x  variety  x  crop  2 
Fields/classifications    36 

Samples/fields  144 

Subsamples/samples  192 


-  Mean  squares  x  10   - 

0.6414  21.5412** 

0.1252  280.7991** 
0.0530  1.0634 

0.3314  1.0137 

0.8098  1.1229 

0.3502  1.1148 

0.4258  2.9021 

0.4411  1.2876 

0.3809  1.5055 

1/  0.3630 


—  No  subsamples  for  specific  gravity. 
**  Significant  at  the  0.01  level. 
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Table  2.   Specific  gravity  of  trash-free  millable  cane  stalks  for  two  varieties  at  three  locations. 

1/  Variety^ 

Location-'  CP  56-59                   CP  63-588  Mean-' 

1  1.1032/  1.104  1.103 

2  1.097  1.101  1.098 

3  1.106  1.105  1.106 
Mean  1.102                      1.103 

—Location  1,  sand  west  of  Lake  Okeechobee;  Location  2,  muck  south  of  Clewiston;  Location  3,  muck  east 


of  Belle  Glade. 
—'Mean  of  32  determinations. 


9  I 

—'Means  were  not  significantly  different  at  the  0.05  level. 


Mean  percent  fiber  (Table  3)  was  higher  on  sand  at  Location  1  than  on  mucks  at  Locations  2  and  3. 
At  the  0.10  level  of  significance,  fiber  content  was  different  at  the  two  muck  locations.   CP  56-59 
was  higher  in  fiber  content  than  was  CP  63-588.   No  differences  in  fiber  content  were  recorded  between 
plant  and  first  ratoon.   Interactions  were  not  significant,  indicating  that  fiber  content  responded 
the  same  in  the  plant  and  first  ratoon  crops  of  the  two  varieties  at  each  location. 


Table  3.   Fiber  content  in  trash-free  millable  cane  stalks  for  two  varieties  at  three  locations. 


-,-^1/ 


Variety 


Location-^'  CP  56-59  CP  63-588  Mean 


--------------  percent  ------------- 

1  12.  10^  10.65  11.38a^/ 

2  11. 74  9.85  10.80b 

3  11.41  9.66  10.53b 
Mean                       11.75a  10.05b 

—  Location  1,  sand  west  of  Lake  Okeechobee;  Location  2,  muck  south  of  Clewiston;  Location  3,  muck  east 

of  Belle  Glade. 
—Mean  of  64  determinations. 
—'Means  followed  by  a  common  letter  are  not  significantly  different  at  0.05  level  Duncan's  multiple 

range  test. 

Multiple  regression  analysis  showed  that,  of  the  total  explained  variation  in  fiber,  3%  was  accounted 
for  by  location,  20%  by  cane  moisture  content,  and  43%  by  variety.   Thus,  the  differences  in  fiber  content 
attributed  to  location  in  the  analysis  of  variance  (Table  1)  are  mostly  due  to  the  moisture  differences 
of  the  cane  at  the  three  locations  and  not  to  location  per  se.   If  fiber  content  were  expressed  as 
percent  dry  matter  rather  than  the  traditional  percent  fresh  weight,  fiber  would  not  be  affected  by  the 
degree  of  hydration.   In  this  report,  fiber  is  expressed  as  percent  fresh  weight  and  the  less  hydrated 
cane  from  sand  soil  showed  higher  fiber  contents  than  the  more  hydrated  cane  from  the  organic  soil 
locations. 

Regression  analysis  of  data  collected  at  Canal  Point  (5)  showed  that  an  increase  of  1.0  percentage 
point  in  fiber  content  decreased  normal  juice  extraction  by  1.5  percentage  points  and  decreased  the 
amount  of  recoverable  sugar  by  2%  when  brix  and  sucrose  content  of  primary  juice  were  equal.   In  addition 
to  this  loss  of  recoverable  sugar,  there  are  higher  milling  costs  associated  with  high  fiber. 

The  precision  of  this  survey  was  adequate  to  point  out  where  differences  in  fiber  could  be  expected. 
Increased  precision  would  require  sampling  of  additional  fields  in  each  location-variety-crop  combination. 
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Results  of  elemental  analyses  of  millable  cane  stalks  of  first  ratoon  CP  56-59  are  shown  in  Table  4. 
Nitrogen,  K,  and  Mg  concentrations  were  higher  and  P  concentration  was  lower  on  the  mucks  than  on  the 
sand.   Calculation  of  nutrient  concentration  on  a  "lb/ton  of  cane"  basis  indicated  lower  concentrations 
for  N  and  P  but  higher  concentrations  for  K  than  those  obtained  by  Andreis  (1).   However,  our  data  do 
not  include  nutrients  in  the  trash.   These  data  will  help  establish  the  levels  of  nutrients  expected  to  be 
lost  by  harvesting  in  cane  grown  under  the  conditions  described. 

Table  4.   Elemental  concentrations  in  trash-free  millable  stalks  of  first  ratoon  CP  56-59  sugarcane. 

Location-i-'  Elements 


N 


K 


Ca 


Mg 


Si 


Cu 


Mn 


Zn 


Fe 


1 

0.23b^ 

0.058a 

2 

0.43a 

0.037b 

3 

0.38a 

0.043b 

percent  dry  weight  --------- 

0.82b  0.107  0.060b  0.03b 
1.31a  0.108  0.098a  0.04b 
1.24a     0.109     0.108a     0.12a 


ppm  dry  weight 
29a      20 
24ab     20 
10b      15 


105 
116 
101 


—'Location  1,  sand  west  of  Lake  Okeechobee;  Location  2,  muck  south  of  Clewiston;  Location  3,  muck  east 

of  Belle  Glade. 
—Mean  of  8  determinations.   Column  means  followed  by  a  common  letter  are  not  significantly  different 

at  0.05  level  Duncan's  multiple  range  test. 
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RIPENING  STUDIES  WITH  GLYPHOSINE  IN  LOUISIANA  SUGARCANE-   - 
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U.S.  Sugarcane  Field  Laboratory,  Houma,  LA  70361, 
and 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  LA  70803 

ABSTRACT 

The  ripening  effect  of  glyphosine  on  sugarcane  was  evaluated  during  1974  and  1975  at  41  sites  in 
Louisiana.   Glyphosine  (3.0  lb  a. i. /acre)  was  applied  by  airplane  in  5  gallons  of  spray  mixture  per 
acre  to  either  plant  or  stubble  crops  of  four  commercial  varieties,  CP  48-103,  CP  61-37,  L  62-96,  and 
NCo  310.   Five  to  seven  weeks  after  treatment,  response  to  glyphosine  was  evaluated  by  measuring  recover- 
able sugar/ton,  tons  cane/acre,  and  recoverable  sugar/acre.   Glyphosine  improved  recoverable  sugar/ton 
by  6.7%,  reduced  tons  cane/acre  by  2.2%,  and  improved  recoverable  sugar/acre  by  4.8%  as  an  average  of 
all  tests.   Results   for   individual   tests   were   highly  variable.    Overall   the  gains   in  recover- 
able sugar/acre  were  5.9,  3.3,  8.6,  and  1.8%  for  CP  48-103,  CP  61-37,  L  62-96,  and  NCo  310,  respectively. 
Due  to  the  generally  low  level  of  response  in  increasing  recoverable  sugar/A  and  the  current  economic 
situation,  no  general  recommendation  was  given  for  its  use  in  Louisiana.   However,  several  special 
circumstances  are  cited  in  which  glyphosine  may  be  a  useful  tool  in  improving  the  quality  of  harvested 
sugarcane. 

INTRODUCTION 

The  potential  of  growth  regulating  chemicals  in  agricultural  crops  has  been  increasingly  recognized 
in  recent  years  (1,  2,  9,  10,  11,  12).   Chemical  agents  have  been  developed  exclusively  for  specific  use 
on  sugarcane.   An  example  of  such  a  compound  is  glyphosine  ^5,N-bis(phosphonomethyl)glycine7.   Prelimi- 
nary results  showed  glyphosine  to  be  effective  in  increasing  the  level  of  sucrose  in  Louisiana  sugarcane 
(3,  4,  6,  7,  12).   However,  these  studies  showed  variable  responses,  both  in  terms  of  sucrose  content 
of  cane  and  in  yield  of  sucrose  per  unit  area  of  land. 

In  1974  and  1975,  field  applications  were  made  by  fixed  wing  aircraft  using  glyphosine  as  a 
chemical  ripener.   The  effects  of  glyphosine  were  tested  on  yield  of  recoverable  sugar  per  ton  of  cane, 
yield  of  cane  per  acre,  and  yield  of  recoverable  sugar  per  acre  on  four  varieties  of  sugarcane  widely 
grown  in  Louisiana.   This  paper  reports  the  findings  of  these  investigations. 

MATERIALS  AND  METHODS 

Treatment  plots  were  fields  0.5  to  15  acres  in  size  containing  one  of  four  sugarcane  varieties, 
CP  48-103,  CP  61-37,  L  62-96,  or  NCo  310,  in  either  the  plant  cane  or  stubble  crop.   Field  locations, 
41  in  all[  were  determined  by  mutual  agreement  between  cooperating  growers  and  a  representative  from 
the  manufacturer  of  glyphosine.   Data  were  obtained  from  replicated  subplots  within  a  treatment  unit 
from  the  41  locations.   A  commercial  formulation  of  glyphosine  was  applied  by  airplane  5  to  7  weeks 
before  harvest  (5  gallons  containing  3  lb  a.i./A).   An  adjacent  field  or  strip  was  used  as  an  untreated 
check.   At  harvest,  15-stalk  samples  were  collected  from  each  of  six  to  eight  subplots  within  treated 
and  untreated  areas.   At  25  locations,  the  samples  were  removed  from  standing  cane.   In  these  samples 
the  stalks  were  cut  flush  with  the  ground,  stripped,  topped  through  the  apex,  weighed,  and  milled  once 
through  a  3-roll  mill.   At  the  remaining  16  locations,  samples  were  pulled  at  random  from  the  heap  row 
after  mechanical  cutting  and  topping;  these  canes  were  stripped,  weighed,  and  milled.   Any  tops  remain- 
ing on  collected  stalks  were  cut  at  the  apex  and  discarded. 

For  each  juice  sample,  brix  was  determined  by  hydrometer,  apparent  sucrose  by  polarization,  and 
apparent  purity  as  the  ratio  of  apparent  sucrose  to  brix  (8).  From  these  results,  the  yield  of 
recoverable  sugar  per  ton  of  cane  was  calculated  by  a  method  previously  described  (5).  The  yield  of 
cane/A  was  calculated  by  multiplying  the  mean  stalk  population/A  by  the  mean  stalk  weight.  Finally, 
the  yield  of  recoverable  sugar/A  was  calculated  by  multiplying  recoverable  sugar  per  ton  by  yield  of 
cane/A.  Differences  between  treatments  at  each  of  the  41  locations  were  analyzed  through  the  use  of 
the  analysis  of  variance.  Locations  were  then  combined  and  the  data  analyzed  through  the  use  of  the 
analysis  of  variance  by  variety,  geographical  area,  and  method  of  harvest  (hand  vs.  machine  cut). 


1/A  contribution  from  ARS ,  USDA,  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 

2/This  paper  reports  the  results  of  research  only.   Mention  of  a  growth  regulator  in  this  paper  does 
~  not  constitute  a  recommendation  for  use  by  the  USDA  nor  does  it  imply  registration  under  FIFRA  as 
amended. 
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RESULTS  AND  DISCUSSION 

Previous  tests  had  shown  that  the  varieties  CP  48-103,  CP  61-37,  L  62-96,  and  NCo  310  responded 
best  to  glyphosine  treatment  in  Louisiana  (3,  6,  7).   In  the  present  tests  (Table  1),  glyphosine  pro- 
duced a   significant  response  in  both  recoverable  sugar/ton  and  sugar/A  when  all  tests  were  combined. 
Glyphosine  did  not  reduce,  significantly,  the  yield  in  cane/A  as  an  average  of  all  locations  and 
varieties.   However,  there  was  a  numerical  reduction  in  cane/A  in  three  of  the  four  varieties  studied. 
Only  in  L  62-96  was  the  yield  of  cane/A  not  numerically  lowered  by  the  glyphosine  treatment.   It  is 
likely  that  since  L  62-96  is  an  early  maturing  variety,  its  vegetative  growth  is  more  nearly  complete 
when  glyphosine  is  applied. 
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Table  1. 


Variety 


Response  of  four  varieties  of  sugarcane  to  glyphosine  treatment  in  Louisiana  during  1974 
and  1975.1' 


No.  of 
tests 


RS/T 


Average  change  in  —  — 


TC/A 


(lb) 


HI 


(tons) 


a) 


RS/A 


(lb) 

ra 

316* 

5.9 

189* 

3.3 

529* 

8.6 

109 

1.8 

280* 

4.8 

CP  48-103 
CP  61-37 
L  62-96 
NCo  310 
Mean 


7 
17 
10 

7 


18.7* 
11.5* 
14.1* 
5.6* 
12.4* 


10.9 
6.4 
7.0 
3.1 
6.7 


■1.4 
-0.9 
0.2 
-0.7 
-0.7 


-4.5 
-3.0 
1.2 
-2.1 
-2.2 


JVGlyphosine  applied  at  3.0  lb  a.i./A  5-7  weeks  prior  to  harvest. 

2/RS/T  -  recoverable  sugar/ton;  TC/A  -  tons  cane/A;  RS/A  -  recoverable  sugar/A. 

3/Means  followed  by  an  asterisk  are  significantly  different  at  the  .05%  level  of  probability. 

When  varieties  were  analyzed  separately,  the  variety  CP  48-103  responded  most  to  glyphosine 
treatment  in  recoverable  sugar/ton  (Table  1).   Because  of  the  reduction  in  yield  of  cane/A  in  treated 
fields,  the  10.9%  increase  in  recoverable  sugar/ton  converted  to  a  5.9%  increase  in  recoverable  sugar/A. 
An  overall  8.6%  increase  in  recoverable  sugar/A  was  found  for  L  62-96.   The  slightly  higher  increase 
in  recoverable  sugar/A  over  recoverable  sugar/ton  for  L  62-96  was  due  to  the  slight  gain  in  yield  of 
tons/A  from  treated  fields.   In  both  CP  61-37  and  NCo  310,  the  gain  in  recoverable  sugar/ton  was  offset, 
in  part,  by  a  loss  of  yield  of  cane/A  from  treated  fields.   In  both  varieties,  the  gain  in  recoverable 
sugar/A  was  less  than  47„. 

When  tests  were  analyzed  by  variety  and  location,  CP  48-103  showed  response  in  recoverable  sugar/ton 
at  all  seven  locations  tested,  apparently  due  to  the  glyphosine  treatment  (Table  2).   However,  a  portion 
of  the  difference  between  treatments  may  be  due,  in  part,  to  the  effects  of  soil  heterogeneity  since 
tests  at  each  location  were  not  completely  randomized.   For  varieties  CP  61-37  and  L  62-96,  16  of  the 
total  of  27  tests  showed  significant  increases  in  recoverable  sugar/ton.   The  variety  NCo  310  showed 
the  least  response  in  recoverable  sugar/ton.   In  only  one  of  seven  tests  was  there  significant  increase 
in  sugar/ton. 


Table  2.   Number  and  percentage  of  individual  tests  that  showed  significant  response  in  recoverable 


sugar/ton  and  sugar/A  during  1974  and  1975, 


1/ 


Variety 


No.  of 
tests 


2/3/ 
Percent  of  tests  significant  for  —  — 


RS/T 


No. 


(%) 


RS/A 


No. 


ill 


CP  48-103 
CP  61-37 
L  62-96 
NCo  310 

Mean 


7 
17 
10 

7 


7 

10 

6 

1 
24 


(100) 
(  59) 
(  60) 
(  14) 
(  59) 


(29) 
(24) 
(20) 
(14) 
(22) 


l_/Glyphosine  applied  at  3.0  lb  a.i./A  5-7  weeks  prior  to  harvest. 

2/RS/T  -  recoverable  sugar/ton;  RS/A  -  recoverable  sugar/A. 

3/ Individual  tests  were  found  significant  at  the  .05%  level  of  probability. 

Generally  speaking,  plots  treated  with  glyphosine  at  individual  locations  did  not  show  response 
in  recoverable  sugar/A  consistent  with  the  response  in  recoverable  sugar/ton.   This  inconsistency  of 
response  was  due  primarily  to  a  general  reduction  in  stalk  weight  of  treated  cane.   However,  at 
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individual  locations  the  effect  of  soil  heterogeneity  on  yield  of  cane/A  may  have  influenced  the  response 
in  recoverable  sugar/A.   Therefore,  the  combined  analyses,  by  variety,  represent  a  more  meaningful 
presentation  of  data  since  the  location  effect  was  removed  in  the  combined  analysis  of  variance. 

The  data  for  these  41  tests  were  analyzed  for  interaction  of  the  three  yield  criteria  studied 
among  locations  and  geographical  areas,  methods  of  harvest  (hand  vs.  machine  cut),  and  varieties. 
Significant  interactions  occurred  among  locations,  but  not  among  the  three  major  cane  growing  regions, 
i.e.,  Mississippi  River  and  Bayou  Lafourche,  the  Bayou  Teche,  and  the  most  northern  Bunkie  areas. 
When' the  25  hand-cut  tests  were  compared  with  the  16  machine-cut  tests,  there  was  significant  inter- 
action.  However,  at  three  locations,  where  hand-  and  machine-cut  samples  were  directly  compared,  no 
significant  interactions  occurred.   Varietal  interaction  was  significant.   Response  was  found  inde- 
pendent of  location  or  method  of  harvest.   However,  response  was  related  to  variety. 

In  summary,  improvement  of  recoverable  sugar/ton  was  noted  at  24  of  the  41  locations  measured. 
CP  48-103  responded  best  and  NCo  310,  least  in  recoverable  sugar/ton.   While  the  overall  increase  in 
recoverable  sugar/ton  was  6.7%,  the  increase  in  recoverable  sugar /A  was  only  4.8%.   L  62-96  responded 
best  in  recoverable  sugar/A  and  NCo  310,  least.   The  generally  low  level  of  response  in  recoverable 
sugar/A  and  the  current  economic  situation  precluded  any  general  recommendation  of  glyphosine  use  in 
Louisiana.   However,  under  special  circumstances,  such  as  ripening  of  cane  in  heavy  soils  for  harvesting 
early  in  the  season  or  for  reducing  the  probability  of  lodging  in  high  tonnage  fields,  glyphosine  may 
be  a  useful  tool  in  improving  the  quality  of  harvested  sugarcane.   Also,  glyphosine  may  permit  the 
commercialization  of  varieties  previously  unacceptable  due  to  their  poor  juice  quality  but  which  have 
high  yield  of  cane  per  unit  area  of  land  (13). 
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FREEZING,  RECOVERY,  AND  DETERIORATION  IN 
STANDING  MILL  CANE 

J.  E.  Irvine  and  B.  L.  Legendre 

U.  S.  Sugarcane  Field  Laboratory 

Houma,  Louisiana 

ABSTRACT 

Tissue  damage  followed  successive  natural  freezes  with  minima  of  25  and  24  F  on  December  19,  1974, 
and  January  9,  1976,  respectively.   Damage  was  observed  immediately  after  thawing  and  10  or  more  days 
later.   Damage  varied  between  varieties,  and  that  observed  just  after  thawing  was  judged  more  extensive 
that  that  observed  later.   This  was  noted  after  both  freezes  and  is  the  first  evidence  for  recovery  from 
freeze  damage  in  sugarcane.   Two  variety  tests,  one  with  an  intact  canopy  and  one  in  which  the  canopy  had 
been  opened  before  the  freeze,  were  sampled.   Deterioration  was  less  in  the  test  with  the  intact  canopy. 
Varieties  NCo  310  and  CP  65-357  were  superior  in  keeping  quality.   In  the  open  canopy  test,  varieties 
CP  48-103  and  CP  65-357  were  superior  and  CP  52-68  and  CP  61-37  were  inferior  in  keeping  quality. 
Deterioration  in  standing  cane  was  typical.   Increases  were  noted  in  dextran  soluble  polysaccharides 
and  titratable  acidity,  and  decreases  were  observed  in  starch,  sucrose  and  purity. 
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A  NEW   SUGARCANE  FIELD   BURNER 

Chester  Fry  and  Norman  Rozeff 

Rio  Grande  Valley  Sugar  Growers,  Inc. 

Santa  Rosa,  Texas 


ABSTRACT 


A  burner  assembly  to  aid  in  the  ignition  of  cane  field  fires  is  described.   Using  this  device, 
trash  percentages  in  harvested  cane  have  been  reduced  by  over  2%. 

INTRODUCTION 

Field  trash  is  costly  to  both  agricultural  and  milling  operations.   Poorly  burned  fields  slow 
harvesting  operations  by  reducing  the  cutting  rate,  obscuring  the  operators  view,  causing  frequent 
stopping  of  harvesters  to  clean  trash  from  chains  and  conveyors,  and  increasing  the  hazards  of  fire  on 
the  machines. 

Transportation  operations  are  most  costly  with  trashy  cane  since  bin  densities  are  reduced. 

After  harvest,  the  grower  has  to  contend  with  trash  removal  by  additional  burning  when  legally 
permitted  by  the  Texas  Air  Control  Board,  or  by  physically  raking  or  incorporating  the  remaining  trash. 

At  the  factory,  trash  reduces  milling  extraction,  drops  purities,  and  increases  the  fiber  load  and 
pol  percent  bagasse. 

In  the  Rio  Grande  Valley,  approximately  25%  of  the  cane  has  received  Paraquat  desiccation  prior  to 
burning  and  harvest.  Usually,  after  January  1,  a  freeze  has  occurred  which  dries  the  leaves  naturally, 
thereby  eliminating  the  need  for  Paraquat. 

In  the  first  half  of  the  crop,  scheduling  and  operational  factors,  plus  field  blocks  adjacent  to  orchards 
or  other  crops  where  drift  hazards  exist,  preclude  desiccation.   Approximately  8000  acres  are  burned  without 
prior  treatment,  that  is,  as  green  cane. 

A  total  of  990  fields  in  the  co-op  vary  in  size  from  3  to  149  acres  each.  Often,  irrigation  pans 
break  up  field  blocks  into  numerous  modules  where  peripheral  borders  may  add  up  to  nearly  3  miles  in  a 
52-acre  block. 

Previously,  fires  were  initiated  by  crewman  carrying  pressurized  benzene  paraburners.   Not  only  were 
these  men  required  to  rapidly  walk  long  distances,  but  they  were  exposed  to  burn  hazards  since  backburning 
leeward  edges  is  required  by  the  burn  order  of  the  Texas  Air  Control  Board. 

When  burning  within  the  order  limits  of  5  to  20  knots  wind  and  up  to  30  knots  for  some  variance  zones, 
it  was  often  noted  that  strong  winds  tended  to  snuff  out  the  flames  as  they  were  initiated  by  the  para- 
burners.  Not  enough  fuel  was  being  deposited  on  the  leaf  trash.   Fires  were  often  erratic  and  burns  poor. 

METHODS  AND  MATERIALS 

Borrowing  the  idea  from  other  cane  growing  areas,  truck-mounted  burner  units  were  assembled  and 
perfected  after  experimentation.   The  schematic  diagram  and  parts  list  (Fig.  1)  describe  the  equipment 
presently  employed. 

The  diesel  fuel  which  is  used  as  the  ignition  material  is  carried  in  a  110  gal  tank  installed  behind 
the  cab  of  the  truck. 

A  heavy  duty  forklift  battery  has  been  installed  to  augment  power  to  the  extended  duty  pump.   This  is 
because  the  pump  draws  130  amps,  while  the  truck  alternator  normally  provides  only  63-72  amps. 

The  unit  is  mounted  on  a  3/4-ton  pickup  truck.   While  going  from  field  to  field,  or  when  not  in  use, 
the  torch  is  mounted  on  a  transportation  bracket  on  the  side  of  the  box.   Prior  to  use,  it  is  assembled 
on  another  bracket  attached  to  the  mounting  bumper  in  the  rear  of  the  truck. 

The  field  checker  presses  the  pump  start  button,  thereby  saturating  the  asbestos  wick  with  fuel.   He 
then  stops  the  pump  and  proceeds  to  light  the  wick.   He  is  then  ready  to  burn.   The  pickup  truck  drives 
at  5-7  miles  per  hour  around  the  field,  staying  from  3-7  feet  from  the  cane  edge.   Pressing  the  pump 
starter  sends  out  the  flame. 

Upon  completion  of  the  burn,  the  ignition  switch  is  shut,  the  torch  is  unbolted  from  its  bracket, 
and  the  wick  extinguished  by  pressing  the  funnel  into  the  ground,  thereby  cutting  off  air  to  the  flame. 
Care  is  taken  in  not  touching  hot  parts  of  the  torch. 
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SCHEMATIC  OF  BURNER  SETUP 


Figure  1 . 


1.  Reserve  Tank  (110  Gallon  Diesel  Fuel  Capacity) 

2.  1/4"  Gate  Valve 

3.  Feeder  Hose  (3/8"  Hydraulic  Hose) 

4.  Fuel  Filter  (Included  With  Pump) 

5.  Monarch  Extended  Duty  Pump  (Model  549) 

6.  Ground  Cable  (3/8"  Battery  Ground) 

7.  Hot  Wire  (3/8"  Battery  Cable  With  Quick  Coupler) 

8.  Electrical  Hook  Ud  (Quick  Coupler  Attachment  With  Solenoid) 

9.  Discharge  Hose  (3/8"  Hydraulic  Hose) 

10.  Bumper  Mount  (U-Shaped  Bracket  With  Holes  To  Fit  Bolt) 

11.  Torch 

12.  Truck  Mounting  Bumper 

13.  Truck  Box 

Schematic  of  burner  setup. 

ELECTRICAL   SYSTEM 


1.  Truck  Ignition  Switch 

2.  Fuse 

3.  Burner  Push-Pull  ON-OFF  Switch 

4.  Continuous  Duty  Solenoid 

(Pulls  1/2  AMP) 

5.  Forklift  Battery  12  Volts 

395  AMP  Hr.   Reserve 

6.  tfonarch  Pump  (Model  549-Includes 

Fuel  Filter  &  Solenoid  Above) 


TORCH 


A.  Heat  Shield  Funnel 

B.  Spray  Nozzle  With  #8  Spray  Tip  And  #31  Spinner 

C.  3/8"  Pipe 

D.  2"  Pipe 

E.  Connecting  Hose-3/8"  Hydraulic  Hose 

F.  Bracket  i      For  Ouick  Setup  And-Removal 

G.  Heat  Shield-Light  Metal 

H.  Asbestos  Wick  Packed  In  Perforated  Pipes  (Inside  Pipe  Is 
2"  Diameter,  Outside  Pipe  4"  Diameter,  Both  4"  Long) 


I. 


Figure   2. 


Spray   Nozzle 
Electrical 


system. 
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RESULTS  AND  DISCUSSION 

The  burner  pump  puts  out  1.7  gal  per  minute.  As  an  example,  an  undivided  20-acre  block  would  have 
a  periphery  of  .7  mile.   In  the  9  minutes  required  to  circle  the  block,  15.3  gal  of  fuel  would  be  used. 

The  flame  produced  by  the  torch  is  of  sufficient  dispersion  and  volume  to  ignite  the  trash  without 
being  snuffed  out,  even  in  winds  of  over  20  knots.  It  does  a  better  job  of  igniting  greener  fields  and 
those  that  are  slightly  moist. 

The  initial  heat  is  intense  enough  to  generate  a  sweeping  burn  front  which  carries  rapidly  through 
the  field.   By  circling  the  field  rapidly,  the  field  checker  starts  a  ring  of  fire  which  creates  its  own 
updraft.   The  rising  air  feeds  the  fire  and  towards  the  end  of  the  burn  a  fire  storm  usually  develops. 

Here  are  some  comparative  trash  figures  for  the  1975-76  campaign: 

DATE  METHOD  MILL  TRASH  % 

10/6-22/75  Non-Paraquat,  paraburner  18.58 

10/23-11/13/75  50%  of  field  Paraquated ,  13.84 

paraburner 
11/14/75-1/14/75  50%  of  field  Paraquated,  11.79 

new  torch 
1/15-3/9/76  After  freeze  took  effect,  8.64 

new  torch 

(As  a  sidelight,  one  may  extrapolate  from  the  first  2  figures  what  the  value  of  Paraquat  is  in  trash 
reduction.   It  calculates  to  a  9.1%  trash  figure  for  Paraquated  fields  only,  or  9.48%  less  than  the  non- 
Paraquated  cane.   Using  the  rule  of  thumb  formula  that  1%  trash  costs  .89  lb  sugar  per  ton  of  cane,  then 
9.48%  would  be  worth  8.44  lb  sugar/ton  cane.   With  the  Valley  average  at  40  tons  cane/acre,  and  with  15c 
per  pound  sugar,  the  recovery  is  337.6  lb  or  $50.64.   Material  plus  aerial  application  costs  for  desiccation 
ran  $7.48  an  acre  in  1975). 

The  use  of  manual  labor  in  burning  has  been  drastically  reduced.   It  is  now  solely  confined  to  blocks 
where  accessibility  by  the  pickup  is  impossible.   The  dangers  inherent  with  hand  burning  have  been  minimized. 
The  burning  duration  has  been  shortened.   More  effective  upd rafts,  which  punch  the  smoke  and  cinders  up  to 
the  3000'  level,  have  reduced  the  nuisance  factor  for  adjacent  urban  areas. 
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VARIETAL  DIFFERENCES  IN  SUGAR  LOSSES  WITH 
TWO  HARVESTING  METHODS 

B.  R.  Eiland,  J.  D.  Miller,  and  G.  J.  Gascho 

USDA,  ARS 

Belle  Glade,  Florida 

and 

USDA,  ARS 

Canal  Point,  Florida 

and 

Florida  Agricultural  Experiment  Station 

Belle  Glade,  Florida 

ABSTRACT 

Four  sugarcane  varieties  were  studied  using  the  whole-stalk  conventional  harvesting  method 
and  a  chopper  harvester  to  determine  the  rate  of  sugar  loss  after  harvest.   Sugar  losses  were 
determined  over  a  four-day  interval  at  three  sampling  dates.   Samples  were  milled  at  approximately 
one,  two,  and  five  days  after  harvesting.   Sugar  loss  rates  in  the  chopped  samples  ranged  from  2.7% 
for  CP  68-1067  to  6.5%  per  day  for  CP  63-306.   The  highest  sugar  loss  occurred  in  the  chopped  samples 
of  CP  65-357,  which  lost  about  30.3  kg  of  sugar  per  ton  over  the  four-day  interval.   Sucrose,  purity, 
sugar  per  ton,  and  pH  all  decreased  in  the  chopped  samples  as  the  interval  after  harvest  increased. 
There  was  little  change  in  these  traits  for  the  whole-stalk  samples  over  the  entire  sampling  period. 
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AN  INVESTIGATION  OF  MACHINE-CUT  SUGARCANE  LOSSES 

Norman  Rozeff  and  John  Tucker 

Rio  Grande  Valley  Sugar  Growers,  Inc. 

Santa  Rosa,  Texas 

ABSTRACT 

In  a  test  at  the  Rio  Grande  Valley  Sugar  Growers,  cane,  juice,  and  sugar  from  Massey-Ferguson  201- 
harvested  plots  were  compared  with  hand-cut,  hand-topped  grab-loaded  cane.  In  tonnage  averaging  44  TCA, 
the  machine  left  1.6%  cane  as  scrap  in  the  field.  No  statistically  significant  differences  were  found  in 
cane  delivered,  juice  quantity  produced,  or  juice  quality  of  machine-cut  cane  compared  to  hand-cut  cane. 
An  assessment  of  results  indicated  that  losses  attributed  to  machine  harvesters  may  be  more  in  the  realm 
of  management-controlled  factors  than  in  inherent  machine  deficiencies. 

INTRODUCTION 

It  is  difficult  to  find  or  obtain  reliable  information  on  machine-cut  cane  losses.   At  the  Rio  Grande 
Valley  Sugar  Growers,  a  test  was  designed  to  determine  the  extent  of  juice  and  cane  losses  and  possible 
effects  on  juice  quality  of  Massey-Ferguson  machine-cut  cane  versus  hand-cut,  hand-topped  grab-loaded 
whole  stalk  cane. 

MATERIAL  AND  METHODS 

At  13.01  acre  block  of  NCo  310,  estimated  to  run  35  net  tons  cane/acre,  was  selected  as  the  test 
site.   It  had  rows  479  feet  in  length  with  5  1/2  feet  row  spacing.   Fourteen  8-row  plots  were  staked 
out  with  3  rows  of  guard  lines  between  each  plot.   The  plots  alternated  between  machine-  and  hand-cut 
plots.   Forty  five  rows  were  left  for  crop  cane  on  each  side  of  the  test  area. 

The  cane  was  burned  about  14  hr  before  the  cutting  commenced.  Eight  hand  cutters  were  assigned  to 
each  .42  acre  plot.  Four  laborers,  at  each  end,  began  cutting  the  plots.  The  cane  was  windrowed  across 
rows  2-3  and  6-7. 

After  windrowing,  the  cane  was  loaded  by  a  Louisiana  type  grab-loader  directly  into  the  regular 
10-ton  cane  bins.   Cane  weights  for  each  replication  were  kept  separately. 

The  hand-cut  plots  were  closely  scrapped.   The  scrap  was  accumulated  for  all  the  hand-cut  plots, 
weighed,  and  put  together  with  the  hand-cut  cane  for  the  mill  run. 

A  Massey-Ferguson  201  harvested  the  seven  machine  cut  plots.   In  order  not  to  skew  the  small  plot 
results,  the  machine  broke  into  the  first  machine-cut  plot  row  while  the  accompanying  tractor  and  trailer 
rode  over  the  guard  rows  rather  than  knock  down  the  experimental  cane. 

The  machine-cut  rows  were  also  well  scrapped.   The  spilled  and  attached  cane  was  collectively  grouped 
with  the  machine-cut  cane  for  the  mill  run. 

The  cane,  after  delivery  to  the  mill,  was  given  a  block  run.   The  mill  train  was  gapped  before  and 
after  each  treatment.   Juice  scale  weights  were  recorded  and  crusher  juice  samples  taken  along  with  fiber 
and  pol  percent  bagasse  samples. 

A  mill  train  grab  sample  from  each  treatment  was  taken  for  percent  trash  determinations. 

RESULTS  AND  DISCUSSION 

The  burn  was  excellent.   The  cane  was  about  2/3  down.   About  507,  of  the  tops  was  almost  completely 

burned  off.   The  remainder  was  well  dehydrated  by  the  fire.   No  green  leaf  trash  was  evident  in  either  of 

the  treatments.   The  burn  was  at  4:30  pm  on  2/16/76.  Handcutting  commenced  at  7  am  2/17/76.   It  was 

completed  in  6  hr.   Grab  loading  into  10-ton  bins  was  done  from  3  to  7  pm  and  7  to  9  am  the  next  morning. 

Machine  cutting  of  short  cane  (7-12"  in  length)  commenced  at  7  am  2/18/76,  and  was  completed  by  2  pm. 

During  the  harvest  period,  dry  windy  conditions  prevailed.  The  high  temperature  was  90  F;  the  low 
for  the  period  was  62  F.   No  dehydration  of  cane  was  noted  in  either  treatment. 

Percent  trash  was  2.8%  for  the  hand-cut  cane  and  10.7%  for  the  machine-cut. 
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The  grab-loaded  cane  (exclusive  of  scrap)  averaged  4.94  tons  per  bin,  while  the  machine  cut  seed 
averaged  10.39  tons  per  bin. 


The  paired  plots  gave  the  following  tonnages: 

Hand-cut 


Machine-cut 


Actual  tons 

Net  TCA 

Actual  tons 

Net  TCA 

Plot  no. 

gross  weight 

Net  TCA 

w/scrap 

gross  weight 

Net  TCA 

w/scrap 

1 

18.59 

43.0 

46.3 

21.78 

46.3 

47.0 

2 

18.32 

42.4 

45.7 

22.17 

47.1 

47.8 

3 

18.38 

42.5 

45.8 

21.95 

46.7 

47.0 

4 

18.20 

42,1 

45.4 

20.74 

44.1 

44.4 

5 

16.63 

38.5 

41.8 

19.60 

41.7 

42.0 

6 

16.47 

38.1 

41.4 

20.40 

43.4 

43.7 

7 

16.96 

39.2 

42.5 

18.85 

40.1 

40.4 

Scrap 

9.92 

2.30 

Total 

133.47 

147.79 

Avg.  gross 

19.07 

21.11 

Avg .  TCA 

44.0 

44.8 

At  the  5%  level  of  probability,  there  was  a  statistically  significant  difference  in  net  TCA  cut 
and  delivered  by  the  Massey-Ferguson  harvester  over  hand-cut  grab-loaded  cane.   When  the  scrap  is 
included  for  both,  there  is  no  longer  any  significant  difference.   The  amount  of  cane  left  behind  by  the 
grab-loader  was,  in  this  test,  significantly  higher  than  that  left  by  the  Massey-Ferguson  harvester. 
The  cane  was  very  uniform  in  tonnage  throughout  the  test  area. 

Four  first  crusher  juice  samples  from  each  treatment  were  taken.   The  results  are: 


Hand-cut 
Machine-cut 


Brix 

18.70 
18.96 


Pol 

15.38 
15.55 


Purity 

82.25 
82.01 


Using  the  A.S.C.S.  formula  (see  appendix),  the  yields  were: 

Hand-cut:      207.9  lb  sugar/ton  net  cane,  or  10.4%  yield 
Machine-cut:   228.5  lb  sugar/ton  net  cane,  or  11.4%  yield 

On  a  field  basis,  this  yield  would  produce: 

Hand-cut:      4.58  tons  sugar /acre 
Machine-cut:   5.11  tons  sugar/acre 


Bagasse  analyses  showed: 


pol  7»  bagasse 
Moisture  (%) 


Hand-cut 
4.66 
61.4 


Machine-cut 
4.58 
60.4 


The  high  moisture  was  primarily  due  to  the  low  density  of  the  mat  of  cane  being  crushed.   This  was 
due  to  the  long  stalks,  minimum  mill  roll  openings,  and  to  gapping  of  the  mill  train  between  treatments. 

Equal  maceration  water  was  added  to  both  treatments.   The  milling  time  for  both  was  identical  at 
35  minutes  each. 

A  second  series  of  tests  was  also  run  utilizing  the  Hawaiian  Sugar  Technologists  disintegrator 
pol-fiber  method,  300  g  samples  were  removed  from  the  mill  train  after  the  shredder  and  analyzed. 


Ref.  sol.  sample  °b 
Pol  %  sample 
Purity 
Fibre  % 

Using  these  figures,  we  obtain: 

Tons  pol/acre 


Hand-cut 

Mac 

line-cut 

15.85 

15.75 

13.14 

12.92 

82.91 

82.09 

14.48 

12.25 

5.78 


5.79 


We  are  unable  to  offer  an  explanation  for  the  variation  in  fiber  between  the  two  treatments. 
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The  actual  juice  obtained  from  the  treatments  were: 


Hand -cut 
Machine-cut 


No.  of  juice 
scales  dumped 

18 
19 


Tons  of  juice 

130.50 
137.50 


Net  tons  cane 

1.00 
1.04 


Tons  of  juice  per 


Gross  tons  cane 

.97 
.93 


In  terms  of  productivity,  the  Massey-Ferguson  operated  6.12  hr,  during  which  it  cut  24.1  tons 
gross  cane  per  hour  and  actually  delivered  to  the  bin  23.8  tons  gross  cane  per  hour.   This  low  rate  is 
due  to  the  short  rows  and  proportionately  high  row-end  turnaround  time,  coupled  with  careful  experiment 
supervision.   The  pour  rate  at  which  the  machine  operated  was  45  tons/hour. 

A  hand  cutter  averaged  .477  ton  gross  cane  per  hour  or  3.8  tons  per  8-hour  man-day.   It  is  doubtful, 
however,  that  our  inexperienced  cutters  could  have  sustained  this  rate  over  a  longer  period  of  cutting. 

The  grab-loader,  operated  by  a  relatively  inexperienced  driver,  required  8.5  hr  to  load  the  123.55 
tons.   This  calculates  to  14.5  tons/hour,  considerably  lower  than  that  normally  obtained  in  Louisiana 
production. 

CONCLUSIONS 

Conducting  a  harvest  test  in  a  uniform  area  under  ideal  conditions  we  were  able  to  accumulate  data 

on  cane  and  quality  losses  of  machine-cut  cane  in  comparison  with  that  which  we  started  with  in  the  field 

(as  represented  by  hand-cut  long  stalks).   We  established  that  a  well  operated,  properly  maintained  machine 
lost  only  1.6%  of  the  gross  tonnage  in  a  44  ton  per  acre  field. 

Under  very  good  burn  conditions,  10.7%  trash  was  obtained  with  machine-cut  cane  against  2.870  for 
the  hand-cut.   (Since  January  24,  the  daily  factory  trash  percentages  have  averaged  8.6  under  excellent 
burn  conditions  following  a  freeze.)  Without  extracting  excessive  material,  7-10%  trash  appears  to  be 
the  minimum  obtainable  with  good  burns. 

Juice  quantity  and  fiber  figures  indicated  that  little,  if  any,  juice  was  lost  in  the  harvesting 
and  chopping  process  when  coupled  with  speedy  delivery  and  milling.   Additional  analyses  showed  that  the 
machine  did  not  cause  a  loss  in  juice  quality  such  as  might  be  expected  had  there  been  smashing  of  cane 
pieces,  incorporation  of  dirt  and  extraneous  matter,  and  inclusion  of  tops  and  other  trash. 

This  test  indicates  that  machine-cut  cane  has  a  very  acceptable  base  level  of  cane  quantity  and 
quality  production.  Proceeding  from  this  level,  other  operational  factors  may  combine  to  reduce  tons 
pol  delivered  at  the  loading  table.  These  negative  factors  may  be  minimized  to  some  extent  by  proper 
management. 

Positive  controls,  such  as  reduction  of  trash  with  desiccation  and/or  burns  conducted  with  proper 
weather  conditions  and  technique,  reduction  in  time  between  burning  and  harvest,  good  row  configuration 
conducive  to  machine  harvesting,  wide  level  turnrows ,  adequate  maintenance  of  equipment,  i.e.,  extractors, 
toppers,  ground  blades,  choppers,  etc.,  operator  training  and  in-field  supervision,  which  brings  quick 
adaptation  and  modification  in  routine  as  required  by  field  conditions  and  layout,  alert  tractor-trailer 
operators  who  avoid  spillage  yet  obtain  acceptable  bin  densities,  and  minimal  cane  yard  storage  periods, 
can  reduce  the  losses  greatly. 

In  short,  reported  losses  may  be  less  attributable  to  inherent  machine  functions  than  to  other 
controllable  operational  factors. 

EXPLANATION  OF  A.S.C.S.  FORMULA 
NJE  x  BHE  x  2000  x  NJS  x  PR  x  RVCF 


CRS , RV 


(Polarization  of  Sugar)  Net  Sugarcane    As  %s 
Gross  Sugarcane 


CRS,RV  =  CWTS,  of  Sugar,  Raw  Value  Recovered  Per 

Net  Ton  of  Sugarcane  Delivered  by  Each  Producer 

NJE    =  Normal  Juice,  Percent  Gross  Sugarcane  Ground  for  the  Crop  =  .71 

BHE    =  Boiling  House  Efficiency  for  the  Crop  =   .9525 
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NJS 
PR 


RVCF 


Normal  Juice  Pol 


40 


Purity  or  Retention  Factor  =  1.4 

P  =  Producer's  Normal  Juice  Purity 

Raw  Value  Conversion  Factor  Determined  for  the  Polarization  of  Sugar 
Produced  from  the  Crop  Determined  in  Accordance  with  Section  101  (h) 
of  the  Sugar  Act  of  1948,  As  Amended  =   1.04812 


Polarization  of  Sugar 


.98565 
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USE  OF  THE  DYNATROL  DENSITY  ANALYZER  IN 
SUGARCANE  JUICE  ANALYSIS 

F.  A.  Martin 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 


ABSTRACT 


The  Dynatrol  density  analyzer,  which  employs  a  vibration  principle  to  measure  liquid  density, 
was  tested  for  static  determination  of  raw  sugarcane  juice  density.   Results  indicate  that  the  instru- 
ment can  be  used  for  raw  juice  density  determination.   The  resolution  is  better  than  0.00011  ASG  (0.025  brix) . 

INTRODUCTION 

Of  the  methods  available  for  sugarcane  juice  density  determination,  the  hydrometer  and  refractometer 
are  most  generally  used  in  Louisiana.   The  Dynatrol  density  analyzer  employs  a  vibration  principle  to 
measure  liquid  density.   This  analyzer  has  been  applied  in  processing  for  "in  instream"  measurements. 
The  research  reported  herein  was  undertaken  to  determine  the  feasibility  of  using  this  density  cell  in 
static  determinations  of  raw  sugarcane  juice  density. 

MATERIALS  AND  METHODS 

A  type  CL-10TY  Dynatrol  Density  Cell  connected  to  a  type  EC-212GA-4  converter  was  used  in  this 
study.    The  converter  was  equipped  with  a  250  hertz  crystal  which  gave  it  an  overall  range  of  0.75 
to  1.25  specific  gravity  units.   The  output  of  the  converter  was  recorded  on  a  Hewlett-Packard  model 
7127A  strip  chart  recorder  with  a  model  71500A  multispan  input  module.   The  instrument  was  adjusted 
for  an  apparent  specific  gravity  (SG)  range  of  1.04003  (10  brix)  to  1.08297  (20  brix)  using  standard 
sucrose  solutions  made  by  weighing  the  required  amount  of  sucrose  and  making  it  to  volume  in  a 
volumetric  flask. 

To  facilitate  sample  handling,  the  density  cell  was  mounted  on  a  2  1/2  degree  incline  perpendicular 
to  the  U-tube  (Fi.  1A) .  A  valve  and  sample  reservoir  was  installed  at  the  input  end  of  the  sample  cell, 
which  was  on  the  low  side  of  the  incline  (Fig.  1A,  IB).   Tygon  tubing  was  attached  to  the  discharge  end. 


sample 
reservoir- 


Fig.  1A.   Drawing  of  dynatrol  density  cell  mounted  on  incline. 


Appreciation  is  expressed  to  Mr.  J.  Simpson,  Automation  Products,  Inc.  for  use  of  his  dynatrol  density 

analyzer. 
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sample 
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valve 


Fig. 


Drawing  of  valve  and  sample  reservoir  for  use  with  the  density  cell. 


Juice  samples  were  de-gassed  by  stirring  under  vacuum.   After  pouring  the  de-gassed  sample  into 
the  reservoir,  the  valve  was  opened  to  allow  the  sample  to  enter  the  cell.   Closing  the  valve,  immediately 
before  the  reservoir  emptied,  trapped  a  bubble-free  sample  in  the  cell.   After  the  ASG  was  recorded, 
the  valve  was  opened  and  the  sample  vacated  the  cell  by  siphon  action.   The  sample  was  either  discarded 
or  retrieved  for  further  analysis. 

RESULTS  AND  DISCUSSION 

Results  obtained  with  the  Dynatrol  density  analyzer  using  standard  solutions  are  shown  in  Table  1. 
If  the  recorder  reading  is  used  directly,  a  0.05  brix  error  is  obtained  in  the  middle  of  the  range. 
This  is  because  of  a  nonlinear  relationship  between  ASG  and  brix.   However,  if  the  ASG  is  calculated, 
it  is  in  excellent  agreement  with  the  ASG  of  the  standard.   The  brix  then  can  be  calculated  from  this 
ASG.   Assuming  a  linear  relationship  between  ASG  and  brix  essentially  regenerates  the  initial  recorder 
reading.   However,  if  a  second  order  relationship  is  used  to  calculate  brix  from  ASG,  brix  between  14 
and  22  can  be  calculated  to  the  nearest  hundreth. 

The  volume  needed  to  flush  out  previous  samples  varied  with  the  difference  between  brix  of  the 
two  samples.   For  extremes  of  12  to  20  brix,  250  ml  of  sample  was  found  adequate. 

Comparisons  of  hydrometers  with  dynatrol  measurement  on  sugarcane  juice  samples  can  be  seen  in 
Table  2.   There  is  fairly  good  agreement  between  the  two  measurements.   The  lack  of  a  perfect  agreement 
is  probably  due  to  the  variation  amongst  hydrometers  (Table  3)  and  the  human  error  in  reading  the 
hydrometers.   Agreement  between  hydrometer  and  dynatrol  was  considerably  better  when  only  one  hydrometer 
was  used  (Table  2) . 

The  Dynatrol  density  analyzer  can  be  used  for  raw  juice  density  determination.   This  method  gives 
true  density  of  solution.   The  resolution  is  better  than  0.00011  ASG  (0.025  brix)  with  the  recording 
system  we  used.   Resolution  could  be  improved  with  other  output  device  or  by  direct  input  into  data 
processing  unit.   A  media  temperature  compensation  is  available,  which  eliminates  need  for  temperature 
corrections. 
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Table  1.   Results  of  Dynatrol  density  analyzer  with  stand ard  solutions. 
Standard  solution^ 


Brix 

Sp 

;cific  gravity 

10.50 

1.04210 

12.00 

1.04837 

14.00 

1.05683 

16.00 

1.06542 

20.00 

1.08297 

21.00 

1.08744 

Reading 


Calculated 
specific  gravity 


10.55 
12.00 
13.95 
15.95 
20.00 
21.05 


1.04210 

1.05680 
1.06545 

1.08751 


Calculated  brix 
Linear^   2nd  order'* 


10.55 
12.00 
13.96 
15.96 
20.03 
21.07 


10.48 
11.99 
13.99 
16.00 
20.00 
21.00 


The  instrument  was  initially  adjusted  with  the  12.00  and  20.00  standards. 
2Sp.  gr.  =  0.0004325x  +  1.03972. 
Calculated  from  Table  22  of  Spencer-Meade;  Cane  Sugar  Handbook.   Range  10  to  21;  brix  =  232.00  (S.G.) 

231.22. 
4brix  =  A3, 328. 75  -  60,923.6  (1.000435  -  A. S.G.)  -  115.4852. 


Table  2.   Relationship  between  hydrometer  brix  and  dynatrol  brix. 
Comparison y  =  ax  +  b 


random  hydrometers  vs  dynatrol 
one  hydrometer  vs  dynatrol 
one  hydrometer  vs  dynatrol 
(dynatrol  set  by  initial  reading 
of  hydrometer) 


1.035x  -  0.46 
0.9918x  -  0.22 


y  =  1.016x  -  0.04 


+0.9896 
+0.9983 


+0.9953 


Table  3.   Variation  amongst  hydrometers  commonly  used  in  the  sugar  laboratory. 

Reading  in  standard  solution 


Hydrometer 


12.00* 


11.9 
11.8 
11.9 
12.1 
11.9 
11.9 
12.0 
12.0 


20.00* 


19.8 
19.9 
20.0 
20.1 
19.8 
19.9 
19.8 
20.0 


*brix  of  standard  solution. 
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GENERAL  ASPECTS  OF  POLARIMETRY  AND  ITS  APPLICATION 
IN  THE  SUGAR  INDUSTRY 

Manfred  F.  Nolting 
Schmidt  and  Haensch 
Berlin 


ABSTRACT 

Polarimetry,  a  method  of  quantitative  chemistry,  is  limited  to  fluid  matter  having  optical  activity, 
i.e.,  transmitting  light,  linear  polarized  light,  especially.   Measurement  of  optical  rotation,  a  specific 
property  of  materials,  is  an  application  of  polarimetry.   Biot's  law  is  the  basis  for  the  use  of 
polarimetry  in  sugar  technology.   Temperature,  concentration,  solvent,  wavelength   and  time  all  influence 
specific  optical  rotation  in  the  measurement  of  dissolved  substances  and  their  influences  are  compared 
and  evaluated. 


I  have  been  very  pleased  indeed  to  receive  an  invitation  to  attend  your  meeting,  which  enables  me 
to  deliver  a  short  abstract  on  polarimetry  and  its  application  in  the  field  of  sugar  technology.   Of 
course,  polarimetry  is  a  well  known  field  to  all  of  you  and  many  of  you  will  have  done  polarimetric  work 
with  various  instruments  of  different  manufacturers.   Even  so,  allow  me  to  recall  to  your  kind  attention 
some  basic  facts  on  polarimetry. 

Polarimetry  is  one  of  the  methods  of  quantitative  chemistry.   Its  application,  of  course,  is 
limited  to  matter  showing  optical  activity,  that  means  to  those  materials  which  interact  with  through- 
passing  light  and  here  especially  with  linear  polarized  light.   The  interaction  of  the  molecular  electric 
field  distribution  and  the  electrical  part  of  the  linear  polarized  light  results  in  a  rotation  of  the 
plane  of  the  electric  field  vector  of  that  light.   This  rotation  is  a  specific  property  to  those  materials 
because,  as  you  know,  the  different  molecules  also  have  their  own  specific  field  distribution,  which  is 
connected  to  the  molecular  structure.   The  specific  rotation  therefore  classifies  the  tested  material 
under  known  test  procedures  and  with  given  definitions.   The  definition  for  the  specific  rotation  of 
optically  active  matter  dissolved  in  an  inactive  substance  is: 
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Measuring  then  the  degree  of  that  rotation  is  actually  applying  polarimetry;  however,  polarimetry  is  by 
far  not  so  simple  as  just  outlined  in  general. 

You  have  to  know  more  than  just  the  basic  facts  of  polarimetry  in  order  to  use  this  method  as  a 
tool  in  analytical  chemistry  and  especially  in  that  field  you  are  most  interested  in,  in  measurement 
of  sugarcane. 

As  already  mentioned,  a  dissolved  optically  active  material  with  a  concentration  of  c  grams  in 
100  ml  solution  in  a  polarimeter  tube  of  1  dm  length  will  show  a  rotation  angle  of: 

This  equation,  known  as  Biot's  law,  is  the  basis  for  the  use  of  polarimetry  in  sugar  technology. 

It  determines  that  you  are  able  to  measure  the  concentration  of  a  dissolved  substance  with  a  known 
specific  rotation;  however,  you  will  have  to  consider  some  specific  conditions  when  measuring.   Let  me 
mention  now  only  some  of  the  most  important  aspects  in  this  connection  which  are: 
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All  of  them  can  influence  your  measuring  results  in  polarimetry  to  quite  an  extent.   If  only  one  of 
these  conditions  is  changing,  the  value  of  the  specific  optical  rotation  will  also  change.   Therefore 
let  me  discuss  these  conditions  for  better  general  understanding. 

The  specific  optical  rotation  is  changing  due  to  temperature  influences  on  intramolecular  forces, 
molecular  association,  molecular  attraction,  etc.   For  example  with  a  sodium  light  source: 
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for    sucrose    in  water    solution  Coil  *°  —      -t  (}  &  •  S3  C  m  2  6  Q 

[*]*"=    [<*.]"' [l-48t  ■lo"'(i-20)  +  <s3.io-*(t-20)zl 
for  quartz    (oL)2^  =    21.  724  (*  for  CtexfrO^r  ;  -  {or  /**o&rJ 

(0L)i'=  (0L)20'[1+  13b.(,i8-10-l(t-20)-t-1.003-10^(t-2D)zJ 

For  polarimetric  measurements  of  solutions  it  is  not  necessary  to  apply  temperature  corrections  if  the 
sample  is  prepared  at  20  C  ambient  temperature  and  the  measurement  is  effected  in  a  polarimeter  at  the 
same  20  C  temperature. 

However,  if  sample  preparation  and  sample  measurement  is  effected  at  a  temperature  divergent  from 
the  standard  temperature  of  20  C  a  temperature  correction  is  necessary.  How  much  that  will  be  and  when 
there  is  need  for  temperature  corrections  in  practice  I  shall  discuss  later. 

The  next  factor  to  be  dealt  with  is  the  influence  of  concentration.   For  example  with  a  sodium 
light  source: 

for  sucrose  in  water  solution        £&J  iD   =  £(,.53  +  S70-JO~fC  -  23-5 '40~  c* 

(  c  =   $ ...  35Cj  / '100  ml  ) 

for  invert  sugar  in  water  solution  L&J  ■*       =    ~7y>7~3/dOC  •  fQ      q 

There  is  also  a  relation  between  the  value  of  the  specific  optical  rotation  and  the  kind  of 
solvent  used,  however,  this  relation  is  more  important  in  general  analytical  chemistry  than  in  sugar 
measurements. 

One  of  the  most  important  factors  in  polarimetry  is  the  colour  dependence  of  the  tested  materials. 
This  effect,  known  as 

Optical   Rotation   Dispersion    (0  R  D), 
means  that,  dependent  on  the  used  wavelength  of  light  for  polarimetry  the  value  for  the  specific  optical 
rotation  is  different  for  any  frequency  or,  simply  said,  for  any  different  colour.   E.g.  quartz,  in  our 
field  of  interest  a  very  important  material,  has  the  following  values  for  ORD: 

wavelength  in  nm  specific  rotation  at  20  C 

644,0251  18,02238 

589,4400  21,72446 

546,2271  25,53531 

480,1235  33,67434 

435,9562  41,54553 

407,8989  48,11211 

Nearly  exactly  the  same  ORD  is  shown  by  a  solution  of  sucrose  in  water  (see  Fig.  1).   It  is  because  of 
this  fact  that  for  sugar  polarimetry  quartzwedge  compensation  polarimeters  are  still  the  best  known  and 
most  recommended  type  of  instrument. 


Fig.  1.   Optical  Rotation  Dispersion  of  a  "Normal 
Sugar  Solution. 


Quartz  Control  Plate"  for  587  nm  and  a  "Normal 
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Fig.  2.   Optical  Rotation  of  a  "Normal  Sugar  Solution." 

m 


Fig.  3.   Rel.  Spectral  Distribution  of  Tungsten  Lamp  Radiance  (color  temperature  2854  K) . 
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Fig.  4.   Spectral  Transmission  of  an  Interference  Filter  (e.g.  SCHOTT  type  DIL) . 


Fig.  5.   Rel.  Spectral  Sensitivity  of  a  Modern  Photomultiplier. 
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SCHEMATIC     DIAGRAM    OF    PHOTOELECTRIC    CIRCLE    POLAR IMETER 

Fig.  6.   Sensitivity  of  a  Photoelectric  Polarimeter. 
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SCHEMATIC    DIAGRAM   OF  PHOTOELECTRIC    QUARTZWEDGE  COMPENSATION 

POLARIMETER 
(  SACCHARIMETER ) 

Fig.  7.   Schematic  diagram  of  photoelectric  quartzwedge  compensation  polarimeter  (Saccharimeter) . 
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Fig.  8.   Schematic  diagram  of  photoelectric  circle  polarimeter. 


The  last  effect  to  talk  about  is  the  time-dependence  of  the  specific  optical  rotation,  also  known 
as  muto-rotation.  That  effect  means  that  the  value  of  the  specific  optical  rotation  for  a  freshly  pre- 
pared solution  of  some  kind  of  material  will  only  be  reached  after  a  certain  lapse  of  time,  which  could 
be  some  seconds  only,  which  could  be  for  another  material  10  minutes  or  even  more. 


Glucose  and  some  other  sugar  derivatives  which  are  important  in  sugar  technology  have  a  strong 
muto-rotation,  e.g.: 

time  to  reach 
first  value        final  value  final  value 


Glucose 

Lactose 

Lyxose 

Xylose 

Rhamnose 

Fucose 

Mamnose 

Cellobiose 

Gentiobiose 


+  112,2 

+  52,7 

+     85,0 

+  52,6 

-     72,6 

-   13,8 

+     93,6 

+  18,8 

8,6 

+     8,2 

-   152,6 

-   75,9 

-      17,0 

+  14,2 

+     14,2 

+  34,6 

+     21,4 

+     8,7 

8  h 
10  h 
52  m 

2 

1 

2 


5  h 
h 
25  h 


2,5  h 
10  h 
3,5  h 


What  I  have  said  so  far  will  serve  as  a  summary  outline  on  polar imetry  in  general. 

Let  us  now  discuss  the  special  requirements  of  polarimetry  in  the  sugar  industry  in  respect  of 
the  beforementioned  facts  in  order  to  establish  which  type  of  polarimeter  would  be  the  most  advisable 
instrument  for  measurements  in  sugar  technology. 

In  the  sugar  industry  the  determination  of  sucrose  is  one  of  the  most  important  fields  of 
polarimetry.   There  are  quite  a  few  regulations  and  recommendations  governing  this  special  field 
of  interest  which  have  been  issued  by  the  ICUMSA,  the  ISSCT  etc.;  however,  the  basic  law  for 
polarimetry,  Biot's  law,  transformed  for  sucrose  determination  reads 

(X      40f  OOP 

X  m    OX]  '  c  • L      ' 
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where  x  is  the  percentage  of  sucrose  in  a  solution  of  (1  -  x)  percent  inactive  solvent.   This  allows 
one  to  determine  sucrose  if  c  and  1  are  fixed  by  an  international  standard.   Of  course,  it  must  be 
said,  that  under  all  conditions  the  wavelength  of  the  polarized  light  has  to  be  always  exactly  the 
same  for  all  measurements. 

The  international  standard  edited  by  the  ICUMSA  states  that  c  should  be  26  g  of  purest  sucrose 
weighed  with  brass  weights  at  1013  mbar  pressure,  20  C  and  50%  rel.  humidity  per  100  ml  solution  and 
that  1  should  be  200  mm  for  polarimeter  tube. 

In  addition  the  temperature  for  the  measurement  should  be  held  at  20  C.   By  doing  so  the  reading 
of  a  polarimeter  under  these  conditions  will  give  a  direct  value  for  the  contents  of  sucrose  in  percent 
or  -  ace.  to  the  international  standard  -  in  degrees  of  sugar  (ISS  -  International  Sugar  Scale). 

To  avoid  non-neglectable  difficulties  in  preparation  of  such  a  standard  solution  it  has  been 
agreed  that  to  get  a  standard  of  high  reliability,  which  is  easily  available,  the  use  of  a  quartz  plate 
is  permitted.  To  use  a  quartz  plate  fairly  suggested  itself  because  the  optical  rotation  dispersion  of 
sucrose  and  quartz  are  practically  exactly  the  same  within  the  whole  range  of  visible  light.  According 
to  the  standard  measurements  of  Bates  and  Jackson  and  later  on  the  measurements  of  the  German  Bureau  of 
Standards  (PTB)  a  quartz  plate  of  100°S  has  a  rotation  value  for  light  of  589.44  nm  of  34.626°  t   0,001°. 

The  important  question  now  is  to  calibrate  a  polarimeter  used  for  sucrose  measurements  by  means 
of  a  standard  quartz  plate.   An  exact  calibration  precluding  any  possible  argument  is  possible  only 
with  a  quartzwedge  compensated  instrument.   Polarimeters  with  a  rotating  analyser  or  a  Faraday  com- 
pensator will  show  an  error  if  their  light  source  is  not  strictly  monochromatic.   The  deviation  in 
the  monochromasy  should  be  less  than  0.025  nm  for  calibration  purposes  if  a  measuring  accuracy  of 
0.01°S  is  required. 

Another  vitally  important  question  in  this  connection  is  how  accurate  the  light  source  of  the 
polarimeter  has  to  be,  in  other  words,  what  will  be  the  effect  if  the  wavelength  of  the  polarized  light 
is  altered.   From  many  paragraphs  in  the  respective  bibliography  it  can  be  seen  that  this  effect  is  of 
tremendous  importance  to  circle  polarimeters  because  if  the  wavelength  of  the  light  source  of  a  circle 
polarimeter  is  altered  from  589.0  nm  to  589.1  nm  -  only  0.1  nml    -   less  than  half  the  bandwidth  of  a 
good  filter  used  nowadays  in  modern  circle  polarimeters  -  e.g.  a  DIL-filter  has  v_„:55l0  nm  -  this 
small  deviation  results  in  a  measuring  error  of  0.036°S.   If  a  light  source  with  even  shorter  wave- 
length is  employed  the  measuring  error  will  increase. 

This  effect  due  to  the  alteration  of  the  wavelength  becomes  a  real  disadvantage  to  a  circle 
polarimeter  to  be  employed  in  the  sugar  industry,  as  it  cannot  be  helped  by  adjustment  or  recalibration 
and  -  most  important  -  it  cannot  be  discovered  during  the  measuring  process.   This  is  a  fact  which  is 
true  even  if  you  use  a  laser  light  source  but  measuring  coloured  samples,  and  as  all  of  you  know,  of 
course,  sugar  solutions  as  a  rule  are  more  or  less  coloured. 

The  only  instrument  which  does  not  show  this  type  of  measuring  error  is  the  quartzwedge  compen- 
sated polarimeter.   To  repeat,  this  is  due  to  the  fact  that  sucrose  and  quartz  have  practically  the 
same  optical  rotation  dispersion.   It  is  mainly  for  this  reason  that  until  1966  only  quartzwedge 
compensated  polarimeters  were  recommended  by  the  ICUMSA  and  this  advantage  in  favor  of  this  type  of 
instrument  still  exists  and  is  valid. 

Certain  paragraphs  in  the  respective  bibliography  state  that  for  accurate  precision  polarimetry 
even  the  best  interference  filters  are  not  good  enough  and  it  is  recommended  to  use  a  highly  mono- 
chromatic light  source,  by  evaluating  all  colour  effects  of  the  tested  sample.   Due  to  the  mentioned 
great  interdependency  of  circle  polarimeters  to  wavelength  (frequency)  one  should  take  into  account 
that  by  changing  lamp,  filter,  or  detector  of  the  circle  polarimeter  the  whole  scale  will  be 
affected  and  can  only  be  recalibrated  under  extreme  difficulties,  if  it  will  be  possible  at  all. 
(In  principle  with  monochromatic  light  only  when  using  a  standard  quartz  plate.   Otherwise  a  standard 
sugar  solution  will  be  required.) 

The  last  point  which  I  would  like  to  mention  is  the  temperature  correction.   The  exact  calcula- 
tion for  this  effect  I  have  stated  already.   For  practical  purposes  it  is  sufficient  to  use  the 
following  figures: 


For  circle  polarimeter:         "SZ°    =   *5  *  V-  0  .  0  00  2'S*  (  t-20) 
For  quartzwedge  compensation:  05Z"   -    "S       ■+     0*  000  o    -Jit 
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For  a  wide  range  of  practical  measurements  it  is  in  most  cases  not  necessary  to  apply  any  correction 
between  15  C  and  25  C.   Furthermore,  if  required,  the  instrument  can  be  calibrated  for  a  higher  tempera- 
ture -  for  tropical  countries  e.g.  to  27.5  C  -  or  to  use  a  polarimeter  tube  whose  length  is  calibrated 
for  this  temperature. 

In  .view  of  the  fact  that  airconditioned  laboratories  become  more  and  more  common  in  sugar 
factories,  and  taking  into  account  the  now  available  modern  facilities  of  accessories  and  instrumen- 
tation technology  as  well  as  sample  preparation,  for  most  of  the  common  measurements  the  use  of  a 
polarimeter  tube  with  water  jacket  is  convenient. 

I  very  much  hope  that  the  paper  which  I  was  allowed  to  read  to  you  and  the  diagrams  shown  were 
of  interest  to  you. 

(Abstract  from  "Report  of  the  Proceedings  of  16th  Session  of  ICUMSA  1974.") 


Subj.  5:   100  S  -  Point  of  the  Sugar  Scale 


Recommendations 


The  following  recommendations  were  finally  adopted. 

1.  The  normal  sugar  solution  is  defined  as  26.0160  g  of  pure  sucrose  weighed  in  vacuo  and  dissolved  in 
pure  water  at  20  C  to  100  cm  .   This  corresponds  to  a  concentration  of  26  g  of  sucrose  weighed  with 
brass  weights  in  air  under  normal  conditions  (1013  mbar  pressure,  20  C,  507„  relative  humidity)  in 
100  cm3  of  solution  at  20  C.   (Officially  adopted  at  the  13th  session,  1962.) 

2.  The  basis  of  the  100°S  point  of  the  International  Sugar  Scale  is  the  optical  rotation  of  the  normal 
sugar  solution,  as  defined  in  Recommendation  1,  at  the  wavelength  of  the  green  line  of  the  mercury 
isotope  198Hg  ( X=  546.2271  nm) ,  20  C  and  200  mm  tube  length.   (Officially  adopted  at  the  14th 
session,  1966.) 

3.  The  rotation  value  for  the  100°S  point  under  the  standard  conditions  specified  in  Recommendations  1 
and  2  is  tentatively  accepted  as:    ?/>  nn'L  e 

aZ*  =•  90.777  ±0.oor° 

(Tentatively  adopted  at  the  16th  session,  1974.) 


For  fixing  the  100  S  point  at  other  wavelengths,  equation  (1)  of  the  1966  Report  (Proc.  14th  Session 
ICUMSA,  17)  for  the  rotatory  dispersion  is  valid.   Until  further  notice  the  range  of  wavelengths  is 
limited  for  practical  polarimetry  to  540  nm  to  590  nm.   (Officially  adopted  at  the  15th  session,  1970.) 
The  mean  effective  wavelength  of  spectrally  filtered  yellow  sodium  light  is  adopted  as  *•  =  589.4400  nm. 
(Officially  adopted  at  the  15th  session,  1970.) 

At  this  wavelength,  according  to  Recommendations  3  and  4,  the  100°S  point  will  be 

Ze,«'c  . 

«-.fl  uu         ~   3V.  6  26°  ±  0.00  1° 

(Tentatively  adopted  at  the  16th  session,  1974.) 


6.   The  sugar  scale,  corresponding  to  the  re-definition  in  Recommendations  3  and  5,  is  called  "International 
Sugar  Scale  1974"  and  saccharimeters,  as  well  as  standards  calibrated  according  to  this,  are  to  be 
characterized  by   S  (74).   (Tentatively  adopted  at  the  16th  session,  1974.) 

8.  Quartz  control  plates  used  to  check  saccharimeters  should  fulfill  the  conditions  adopted  under 
Subject  6.   (Officially  adopted  at  the  14th  session,  1966.) 

9.  Quartz  control  plates  have  the  sugar  value  of  100.000°S  (74)  at  a  given  wavelength  if  their  rotation 
is  equal  to  the  values  given  in  Recommendations  3  and  4  for  that  particular  wavelength. 
(Tentatively  adopted  at  the  16th  session,  1974.) 

10.   A  plate  which  shows  the  same  optical  rotation  as  the  normal  sugar  solution  under  the  standard  condi- 
tions defined  in  Recommendation  2  is  called  "normal  quartz  control  plate." 
(Officially  adopted  at  the  14th  session,  1966.)+ 


+Normal  quartz  plates  which  have  the  same  rotation  as  the  normal  sugar  solution  of  Recommendation  2, 
Subject  5,  15th  Session  1970  will  have  a  slightly  smaller  rotation  than  those  corresponding  to 
Recommendation  2,  Subject  5,  16th  Session  1974.   To  avoid  confusion  it  is  recommended  that  the  two 
types  of  plates  be  described  as  "Normal  quartz  control  plate  100°S"  and  "Normal  quartz  control  plate 
100C-S  (74)". 
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11.  Quartz  control  plates  of  the  sugar  value  of  100.000°S  (74)  for  saccharimeters  equipped  with  quartz 
wedge  compensation  with  an  effective  wavelength  of  587.000  nm  have  the  following  rotation  values: 

a"'c     .,  *  40.764'±0.eoi' 


=  3^.6ZS'±  cod' 

(Tentatively  adopted  at  the  16th  session,  1974.) 


c  rt9.  wo*  *#> 


14. 


Saccharimeter  scales  should  be  linearly  divided. 
(Officially  adopted  at  the  14th  session,  1966.) 
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THE  MINI  YIELD  TEST  FOR  SUGARCANE  RESEARCH 

G.  T.  A.  Benda 

U.  S.  Sugarcane  Field  Laboratory 

Houma,  Louisiana 

ABSTRACT 

Sugarcane  yield  is  tested  either  under  greenhouse  or  under  field-plot  conditions.   The  precise 
determination  of  yield  in  the  greenhouse  is  limited  by  the  growth  of  the  cane.   The  heavy  yield  from 
field  plots  requires  mass  handling  of  cane,  usually  both  in  the  planting  and  harvest  operation.   Over 
the  past  few  years,  a  mini  yield  test  has  been  developed  at  Houma  for  particular  problems  not  well 
served  by  the  available  alternatives.   In  this  test,  young  cane  is  transplanted  in  the  spring  from 
greenhouse  to  field  and  hand-harvested  in  the  fall;  a  plot  consists  of  a  single  site  of  planting  (one 
plant  only  or  a  cluster  of  a  few  plants)  on  a  standard  six-foot  row,  and  the  plots  of  different 
treatments  are  arranged  as  Latin  Square  (6  x  6)  or  randomized  blocks  with  6  to  10  replications.   Appli- 
cations (and  special  needs)  served  by  the  mini  yield  test  include:  a)  reduction  in  yield  as  a  function 
of  disease,  i.e.,  maximum  utilization  of  limited  plant  material;  b)  reduction  in  yield  as  a  function  of 
distance  between  plants  (experimental  variation  in  gap  size  by  precision  planting);  and  c)  competition 
among  shoots  at  one  site,  i.e.,  cluster  planting  with  variable  number  of  plants  per  site  and  precise 
distance  between  sites. 


MICRONUTRIENT  STUDIES  WITH  SUGARCANE  IN  LOUISIANA 

Laron  E.  Golden 
Agronomy  Department 
Louisiana  Agricultural  Experiment  Station 

ABSTRACT 

Yields  from  8  field  tests  and  leaf  blade  data  from  6  of  the  tests  were  obtained  at  locations 
where  varied  rates  and  combinations  of  the  micronutrients  Fe ,  Mn,  Zn,  Cu,  B,  and  Mo  were  applied  to 
sugarcane.   Leaf  blade  and  topsoil  pH  data  were  obtained  from  31  additional  locations.  Correlations 
were  determined  among  concentrations  of  the  micronutrients  and  Al,  Sr,  and  Ba  in  leaf  blades  and 
topsoil  pH.   Application  of  the  micronutrients  to  sugarcane  resulted  in  no  significant  effect  on 
cane  and  sugar  yields  or  on  micronutrient  contents  of  leaf  blades.   Generally,  the  Fe,  Mn,  B,  and 
Mo  contents  of  leaf  blades  were  much  higher,  and  Zn  and  Cu  contents  were  equal  to  or  higher  than 
critically  low  levels  reported  by  other  workers.   Topsoil  pH  was  significantly  correlated  only  with 
leaf  blade  Mn  (r  =  -0.685).   This  negative  relationship  suggests  some  possibility  of  Mn  toxicity  in 
sugarcane  grown  on  soils  of  very  low  pH.   Since  leaf  blade  Al  was  not  significantly  correlated  with 
topsoil  pH,  and  work  by  others  in  Louisiana  indicates  an  absence  or  very  low  amount  of  measurable 
exchangeable  Al  in  soils  from  the  sugarcane  producing  area,  it  was  concluded  that  Al  toxicity 
probably  does  not  occur  in  Louisiana  sugarcane.   Several  significant  correlations  were  found  among 
the  micronutrient  contents  of  leaf  blades,  but  they  apparently  were  relatively  unimportant  due  to 
the  absence  of  yield  and  leaf  blade  response  to  application  of  micronutrients.   Significant  correla- 
tions among  micronutrient  contents  and  Al,  Sr,  and  Ba  contents  of  leaf  blades  apparently  did  not 
influence  the  general  nutrition  of  sugarcane. 

INTRODUCTION 

In  1940,  relatively  extensive  soil  fertility  studies  were  begun  in  the  sugarcane  producing 
area  of  Louisiana  (15).   Yield  data  from  8  field  tests  conducted  with  iron  (Fe),  manganese  (Mn) , 
zinc  (Zn) ,  copper  (Cu),  boron  (B) ,  and  molybdenum  (Mo)  since  1948,  by  personnel  of  the  Louisiana 
Agricultural  Experiment  Station  and  the  U.  S.  Department  of  Agriculture,  showed  no  beneficial 
effect  from  application  of  these  micronutrients  (3,  5,  6,  14).  However,  in  one  test  a  significant 
decrease  in  cane  yield  was  obtained  due  to  Fe,  Mn,  Zn,  and  Cu  applied  together  as  a  mixture.   The 
rate  of  each  element  in  the  mixture  was  1.2  lb/A  (3). 

Gascho  and  Taha  (8)  reported  that  basic  applications  of  Cu  and  Zn  are  necessary  before  plant- 
ing previously  uncropped  land  to  sugarcane  in  the  Florida  Everglades.  Andreis  (2)  found  low  amounts 
of  Fe,  Mn,  Zn,  Cu,  and  B  removed  by  millable  cane  in  Florida  and  noted  that  most  soils  have  received 
high  rates  of  Mn,  Zn,  and  Cu  during  many  years  of  cropping  to  sugarcane  and  generally  do  not  need 
additional  amounts  of  micronutrients  except  possibly  when  the  soil  pH  is  above  6.5. 

Evans  (7)  reported  critical  content  or  concentration  of  micronutrients  in  sugarcane  leaf  lamina 
and  Juang  (12)  reported  critical  concentration  and  range  without  deficiency  symptoms  in  sugarcane  leaf 
blades  as  follows: 

Critical  content  Range  without 

or  concentration,  ppm deficiency 

Micronutrient  Evans  Juang  symptoms ,  ppm 

Fe  5  10j/  20  -  600 

Mn  20  10-  20  -  400 

Zn  15  15  20  -  100 

Cu  4                   5  5-100 

B  1                    1  2-30 

Mo  .08  .05  .05  -   4 

VVaries  with  Fe/Mn  ratio.   Critical  level  can  be  below  10  ppm  if  Fe/Mn  ratio  is  above  1. 

Abdol  (1)  obtained  correlation  data  from  soil  pH  and  Fe,  Mn,  Zn,  and  Cu  contents  of  leaf  blades 
in  plant  and  first  stubble  cane  tests  with  4  sugarcane  varieties  grown  on  soils  which  varied  from 
Baldwin  silt  loam  to  Iberia  clay.   Soil  pH  was  negatively  correlated  with  leaf  blade  Zn  in  plant  cane 
(r  =  -0.601)  and  was  positively  correlated  with  leaf  blade  Fe  in  stubble  cane  (r  =  0.470).   Leaf 
blade  Fe  was  significantly  correlated  with  leaf  blade  Cu  in  plant  cane  (r  =  0.517)  and  with  leaf 
blade  Zn  in  stubble  cane  (r  =  0.587).   No  other  significant  correlations  were  found  among  the 
variables . 

Davidson  (4)  reported  that  yield  increases  in  sugarcane  which  occurred  as  a  result  of  applica- 
tion of  liming  materials  and  associated  increases  in  soil  pH  may  have  been  due  in  part  to  better 


nitrogen  (N)  nutrition  of  sugarcane.   He  did  not  refer  to  possible  relationships  between  soil  pH  and 
other  factors  which  may  have  influenced  sugarcane  production  in  the  study.  More  recent  tests  with 
liming  materials  and  with  general  nutrition  of  sugarcane  (9,  10,  11)  showed  yield  increases  due  to 
liming,  no  consistent  effect  of  liming  on  leaf  blade  N  and  phosphorus  (P)  contents,  a  marked  decrease 
in  leaf  blade  Mn  content  due  to  liming,  and  no  apparent  need  for  additions  of  Ca  and  Mg  as  nutrient 
elements  for  sugarcane  in  Louisiana. 

The  primary  purpose  of  this  study  was  to  determine  the  effect  of  field  application  of  the  micro- 
nutrients,.  Fe,  Mn,  Zn,  Cu,  B,  and  Mo  on  sugarcane  yield  and  on  uptake  of  the  micronutrients  as  indi- 
cated by  leaf  blade  analysis.   A  secondary  purpose  was  to  determine  the  relationship  among  the 
micronutrient  and  aluminum  (Al),  strontium  (Sr),  and  barium  (Ba)  contents  of  leaf  blades  and  soil  pH. 

MATERIALS  AND  METHODS 

Eight  field  experiments  were  conducted  with  micronutrients  applied  to  sugarcane.   Locations  of 
the  tests  and  additional  pertinent  information  are  shown  in  Table  1.   Individual  plots  were  approxi- 
mately 0.1  acre  in  size  and  the  number  of  replicates  varied  from  6  to  8.   Leaf  blade  samples  were 
obtained  from  all  treatments  in  six  of  the  tests. 


Table  1.   Soil  types  and  locations  of  field  experiments  and  rates  of  micronutrients  applied  to 
sugarcane. , 


Exp. 
no. 


Micronutrients   applied— 


1/ 


Soil  type Plantation         Year       Variety 


Age  As   mixture  or 

of   cane        individually        Element   amount    (lb/A) 


Baldwin  sicl  O'Neil 


Baldwin  sicl 


O'Neil 


Jeanerette  sil  Simonaud 

Baldwin  sil  Lamaire 

Baldwin  sicl  Sterling 

Commerce  sil  Evan  Hall 

Iberia  c  Murphy 

Patoutville  sil  Roane 


1966       CP  52-68 


1967       CP  52-68 


1968       NCo  310 


Plant  Mixture 


1st   St  Mixture 


1st    St  Mixture 


1969 

NCo  310 

1st   St 

Ind 

1969 

CP  52-68 

1st   St 

Ind 

1970 

CP  48-103 

1st   St 

Ind 

1972 

CP  48-103 

2d   St 

Ind 

1973 

L  62-96 

Plant 

Ind 

Fe,1.5;  Mn.1.0;  Zn.1.0; 

Cu,1.0;  B,  0.1;  Mo.0.1 

Fe,1.5;  Mn,1.0;  Zn.1.0; 

Cu.1.0;  B,  0.1;  Mo, 0.1 

Mn,0.7;  Zn,1.5;  Cu,0.7; 

B,  0.7;  Mo, 0.1 

Zn,1.7;  Cu,0.6;  B,  1.0 

Zn,1.7 

Zn,3.4 

Zn,1.0;  Cu,0.8 

Zn,1.0;  Cu,0.1 


1/In  Experiments  7  and  8,  applications  were  applied  to  cane  foliage  in  liquid  form.   Other  applica- 
tions were  made  in  the  off-bar  furrow.  All  applications  were  made  in  the  spring. 

Thirty-one  leaf  blade  and  31  topsoil  samples  were  obtained  from  field  experiments  which  were 
established  primarily  to  study  variables  other  than  micronutrients.   In  addition  to  analyses  for  Fe, 
Mn,  Zn,  Cu,  B,  and  Mo,  the  leaf  samples  were  analyzed  for  Al,  Sr,  and  Ba  contents. 

The  leaf  blade  samples  were  obtained  from  the  first  leaf  below  the  top  visible  dewlap  when  the 
sugarcane  was  3  to  3  1/2  months  old. 

Analyses  of  the  leaf  samples  were  made  by  the  Ohio  Research  and  Development  Laboratory  and  the 
Georgia  Cooperative  Extension  Service.   Soil  pH  was  determined  by  use  of  a  Beckman  Zeromatic  pH  meter. 

RESULTS  AND  DISCUSSION 

It  may  be  noted  in  Table  2  that  application  of  mixtures  of  micronutrients  and  application  of 
Zn,  Cu,  and  B  as  individual  treatments  resulted  in  no  statistically  significant  effect  on  cane  or 
sugar  yield. 
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Table  2. 

Yields  of  sugarcane  and  sugar  as  related  to  micronutrient  treatment. 

Exp. 

1/ 
Micronutrient             Cane                   Normal  iuice 

Sugar 

no. 

treatment              yield        Brix        Sucrose 

Purity 

yield 

Check 

Mixture 

LSD 

.05 

Check 

Mixture 

LSD 

.05 

Check 

Mixture 

LSD 

.05 

Check 

Zn 

Cu 

B 

LSD 

.05 

Check 

Zn 

LSD 

.05 

Check 

Zn 

LSD 

.05 

Check 

Zn 

Cu 

LSD 

.05 

Check 

Zn 

Cu 

LSD 

05 

tons /A 

26.22 
26.44 

NS 

34.22 
33.56 

NS 

26.97 
27.63 

NS 

22.08 
22.67 
22.00 
22.55 

NS 

22.08 
21.73 

NS 

36.41 
33.81 

NS 

25.33 
25.83 
26.50 

NS 

36.15 
36.62 
36.06 

NS 


15.18 
15.15 


16.77 
17.04 


16.49 
16.77 


17.29 
16.36 
16.77 
16.91 


18.32 
18.20 


16.58 
16.43 


16.79 
16.77 
16.60 


15.26 
15.20 
14.95 


11.94 
11.86 


12.86 
13.09 


13.01 
13.43 


13.31 
12.41 
13.04 
13.07 


14.93 
14.62 


13.75 
13.65 


13.64 
13.65 
13.39 


12.86 
12.82 
12.26 


78.66 
78.28 


76.68 
76.82 


78.90 
80.01 


76.98 
75.86 
77.76 
77.29 


81.50 
80.33 


82.93 
83.08 


81.24 
81.40 
80.66 


84.27 
84.34 
82.01 


lb/A 

4269 
4270 

NS 

6195 
6220 

NS 

4919 
5250 

NS 

4147 
3904 
4028 
4140 

NS 

4765 
4572 

NS 

7140 
6569 

NS 

4911 
5011 
5022 

NS 

6511 
6570 
6123 

NS 


1/Rates  of  micronutrients  and  composition  of  mixtures  are  shown  in  Table  1. 

Leaf  blade  and  soil  pH  data  from  field  tests  established  primarily  to  study  variables  other  than 
micronutrients  are  shown  in  Table  4.   The  micronutrient  contents  of  leaf  blades  were  of  the  same  order 
of  magnitude  as  those  reported  in  Table  3  and  were  related  to  critical  contents  (7,  12)  approximately 
as  those  shown  in  Table  3. 

Correlation  coefficients  (r)  among  all  variables  reported  in  Table  4  were  determined  and  those 
which  were  statistically  significant  are  shown  in  Table  5. 

The  negative  association  between  soil  pH  and  leaf  blade  Mn  noted  in  Table  5  (r  =  -0.685)  indicates 
a  possibility  that  toxic  levels  of  Mn  may  occur  in  sugarcane  grown  in  soils  of  very  low  pH. 

It  was  interesting  to  note  that  soil  pH  and  Al  content  of  leaf  blades  were  not  statistically 
correlated.   Recent  work  in  Louisiana  (13)  indicated  a  very  low  probability  that  Al  toxicity  is  a 
problem  in  production  of  crops  in  the  sugarcane  producing  area  of  Louisiana  due  to  the  absence  or  very 
low  amount  of  measurable  exchangeable  Al  in  soils  cropped  to  sugarcane. 

Although  several  significant  correlations  were  found  among  micronutrient  contents  of  leaf  blades 
(Table  5),  they  were  considered  relatively  unimportant  since  yield  and  leaf  blade  responses  to  appli- 
cation of  the  micronutrients  were  not  obtained.   Correlations  among  micronutrient  contents  and  Al,  Sr, 
and  Ba  contents  of  leaf  blades  did  not  appear  to  influence  nutrition  of  the  sugarcane. 
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Table  3.  Micronutrient  contents  of  sugarcane  leaf  blades  as  related  to  mlcronutrlent  treatment, 


Exp. 
no . 


Micronutrient— 
treatment 


1/ 


Micronutrient  content  of  leaf  blades 


Fe 

Mn 

Zn 

Cu 

B 

Mo 

55 

150 

25 

19 

6 

3.2 

54 

152 

24 

17 

7 

2.8 

56 

175 

24 

16 

6 

2.6 

55 

178 

28 

16 

7 

2.8 

60 

152 

24 

4 

4 

- 

68 

136 

24 

6 

4 

- 

48 

130 

20 

4 

5 

- 

68 

154 

20 

4 

4 

- 

40 

32 

18 

16 

4 

- 

50 

26 

20 

12 

4 

- 

84 

128 

23 

12 

5 

2.0 

78 

110 

24 

13 

6 

2.3 

63 

104 

18 

9 

5 

2.5 

60 

122 

20 

9 

6 

2.6 

61 

113 

18 

8 

4 

1.9 

Check 
Mixture 

Check 
Mixture 

Check 

Zn 
Cu 
B 

Check 
Zn 

Check 
Zn 

Check 

Zn 
Cu 


1/Rates  of  micronutrients  and  composition  of  mixtures  are  shown  in  Table  1. 


Table  4.  Micronutrients  and  selected  other  elements  in  sugarcane  leaf  blades  and  their  relationship 
to  soil  pH. 


Soil  type 


Elemental  content  of  leaf  blades 


Micronutrients 

Other 
Al 

elements 
Sr     Ba 

Soil 

Fe 

Mn 

Zn 

Cu 

B 

Mo 

PH 

63 

14 

29 

21 

4 

2.0 

30 

4 

14 

7.6 

67 

106 

28 

8 

8 

2.3 

24 

15 

46 

5.8 

76 

66 

23 

11 

6 

1.8 

26 

5 

25 

6.7 

78 

40 

24 

12 

6 

1.9 

26 

7 

23 

6.6 

72 

48 

24 

11 

5 

1.7 

22 

6 

24 

6.4 

72 

49 

25 

13 

5 

1.6 

22 

6 

26 

6.5 

84 

128 

23 

12 

5 

2.0 

22 

6 

12 

6.5 

62 

73 

20 

7 

7 

1.8 

26 

7 

14 

6.2 

57 

17 

19 

7 

8 

2.1 

28 

5 

4 

6.1 

62 

45 

19 

8 

5 

2.2 

31 

8 

11 

5.8 

74 

57 

20 

13 

6 

1.5 

16 

6 

18 

5.6 

68 

41 

21 

12 

6 

1.8 

18 

5 

15 

6.8 

66 

39 

21 

13 

5 

1.4 

15 

6 

13 

6.5 

107 

213 

21 

12 

5 

2.4 

45 

10 

24 

4.9 

120 

235 

33 

29 

7 

1.9 

49 

7 

18 

5.1 

65 

46 

24 

9 

4 

3.2 

39 

9 

12 

6.1 

65 

29 

22 

10 

3 

3.0 

39 

9 

7 

6.2 

66 

25 

23 

14 

4 

3.0 

40 

8 

5 

6.6 

66 

29 

22 

10 

4 

2.8 

40 

12 

13 

6.3 

66 

190 

25 

9 

4 

3.0 

44 

11 

50 

5.4 

59 

88 

21 

9 

3 

3.1 

39 

12 

30 

6.8 

64 

189 

21 

8 

5 

1.6 

13 

6 

45 

5.4 

72 

115 

21 

9 

5 

1.6 

19 

5 

31 

6.8 

80 

107 

24 

8 

6 

2.4 

53 

22 

35 

6.0 

57 

83 

28 

11 

5 

2.5 

30 

13 

21 

5.6 

60 

105 

22 

9 

7 

1.9 

13 

12 

27 

5.7 

58 

133 

38 

15 

5 

2.8 

42 

14 

18 

4.9 

63 

108 

37 

12 

5 

2.6 

46 

12 

22 

5.6 

42 

99 

21 

9 

5 

1.5 

12 

5 

14 

5.2 

56 

98 

25 

11 

6 

1.4 

13 

6 

17 

5.9 

64 

135 

19 

9 

5 

2.0 

16 

5 

7 

5.5 

Crevasse  sil 
Commerce  sil 
Mhoon  sil 
Mhoon  sil 
Mhoon  sil 
Mhoon  sil 
Mhoon  sil 
Mhoon  sic]. 
Mhoon  sicl 
Mhoon  sicl 
Mhoon  sicl 
Sharkey  c 
Sharkey  c 
Loring  sil 
Loring  sil 
Cypremort  sil 
Cypremort  sil 
Cypremort  sil 
Cypremort  sil 
Jeanerette  sil 
Jeanerette  sil 
Jeanerette  sil 
Jeanerette  sil 
Baldwin  sicl 
Baldwin  sicl 
Baldwin  sicl 
Baldwin  sicl 
Baldwin  sicl 
Baldwin  sicl 
Baldwin  sicl 
Iberia  c 


1/Plant  cane  tests.   The  other  tests  were  with  stubble  cane. 
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Table  5.   Correlation  coefficients—  and  linear  regression  equations  for  the  relationships  among 
elemental  contents  of  sugarcane  leaf  blades  and  soil  pH. 


Factors  correlated 


X 

Y 

Fe 

Mn 

Fe 

Cu 

Fe 

Al 

Mn 

Ba 

Zn 

Cu 

Zn 

Al 

Zn 

Sr 

B 

Mo 

Mo 

Al 

Mo 

Sr 

Al 

Sr 

Sr 

Ba 

PH 

Mn 

Correlation 
coefficients 


0.494 
0.569 
0.391 
0.507 
0.549 
0.457 
0.356 

-0.503 
0.766 
0.569 
0.599 
0.409 

-0.685 


Linear  regression 
equations 


Y  = 

1.99X 

-  47.8 

Y  = 

0.169X 

-  0.307 

Y  = 

0.328X 

+  6.39 

Y  = 

0.101X 

+  11.7 

Y  = 

0.494X 

-  0.517 

Y  = 

1.16X 

+  1.1.1 

Y  = 

0.296X 

+  1.42 

Y  = 

-0.224X 

+  3.34 

Y  = 

16. 9X 

-  7.46 

Y  = 

4.10X 

-  0.322 

Y  = 

0.196X 

+  2.84 

Y  = 

1.19X 

+  10.5 

Y  = 

-62. 8X 

+  468 

1/Signif leant  r  at  the  1%  level  =  0.456 
Significant  r  at  the  5%  level  =  0.355 
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ABSTRACT 


Aerial  photography  has  been  used  to  detect  areas  of  low  plant  vigor.   The  objectives  of  this 
study  were  to  (1)  evaluate   N  stress  effects  on  canopy  reflectance  of  a  sugarcane  crop  and  (2)  investigate 
the  relations  among  selected  crop  characteristics,  canopy  reflectance,  and  yield.   Different  degrees 
of  N  stress  were  simulated  by  growing  sugarcane  variety  NCo  310  at  five  N  levels  ranging  from  0  to  200 
lb/ac.   Canopy  reflectance  was  recorded  photographically  from  an  altitude  of  1000  ft,  using  Kodak  Aerochrome 
Infrared  (CIR)  film  2443  and  Kodak  Ektachrome  MS  Aerographic  film  2448.   Film-density  readings  were  made 
with  a  microdensitometer .   Near-infrared,  red,  and  green  canopy  reflectance  was  measured  approximately 
by  using  red,  blue,  and  green  bandpass  filters.   Sugarcane  canopy  reflectance  was  significantly  affected 
by  N  fertilization,  due  mainly  to  the  amount  of  vegetation.   Plant  density  was  significantly  correlated 


(r  =  0.92**)  with  the  optical  density  of  CIR  film.   Near-infrared  (r 


R. 


0.91**),  red  (r  =  0.59**)  and 


green  (r„  =  0.60**)  canopy  reflectance  was  significantly  correlated  with  percent  vegetative  cover. 
However,  the  slopes  of  the  regression  lines,  b„  =  0.606  (IR  reflectance),  b„  =  0.093  (red  reflectance), 
and  b_  =  0.109  (green  reflectance)  suggest  that  near-infrared  canopy  reflectance  was  more  sensitive  to 
changes  in  percent  vegetative  cover  than  were  red  or  green  canopy  reflectance.   The  relation  between 
sugarcane  yields  and  near-infrared  reflectance  (r  =  0.87**)  and  the  difference  near-infrared  minus  red 
reflectance  (r  =  0.90**)  were  highly  significant.   The  degree  of  yield  reduction  caused  by  N  stress  was 
quantified  by  ratioing  canopy  reflectance  in  stressed  vs  nonstressed  areas.   Estimated  yields  were 
calculated  as  the  product  of  the  maximum  or  potential  yield  and  the  ratio.   This  prediction  model  over- 
estimated field  yield  (mean  of  20  plots)  by  1.1%. 


INTRODUCTION 

Machinery  and  manpower  allocation  at  harvest  requires  accurate  information  on  sugarcane  yield  in 
each  field.   Using  ground  surveys  to  obtain  this  information  is  time-consuming  and  costly;  also,  in 
large  fields,  yield  variations  within  the  field  are  hard  to  detect  and  evaluate.   Plant  stress,  induced 
by  diseases,  insects,  nutrient  deficiencies  or  toxicities,  and  drought,  causes  detectable  changes  in 
foliage  reflectance  and  in  plant  density  and  cane  height,  characteristics  that  indicate  crop  vigor. 

Aerial  photography  has  been  useful  for  detecting  areas  of  low  vigor  caused  by  plant  diseases  (2)  , 
nutrient  toxicities  (3),  and  insects  (4).   Johnson  (5)  found  with  aerial  photography  that  low  vigor 
areas  in  sugarcane  .were  easily  located,  but  that  the  causative  agents  were  difficult  to  identify. 
Thomas  et  al.  (8,  9)  and  Stanhill  et  al.  (6)  found  that  photographically-measured  reflectances  from 
cotton  and  wheat  fields,  respectively,  were  strongly  affected  by  the  amount  of  vegetation  and  the 
percentage  of  ground  covered  be  vegetation.   Thomas  and  Gerbermann  (7)  reported  that  the  amount  of  yield 
reduction  in  cabbage  caused  by  N  and  water  stress  was  related  to  the  ratio  of  crop  canopy  reflectance 
in  stressed  vs  nonstressed  areas. 

We  conducted  this  study  to:   (1)  measure  the  effect  of  N  stress  on  sugarcane  canopy  reflectance; 
and  (2)  relate  film  optical  densities  to  sugarcane  yields. 

MATERIALS  AND  METHODS 

This  investigation  was  conducted  on  sugarcane  plots  used  for  an  N  fertilization  study — a  full 
description  of  the  experiment  has  been  published  (9).   A  third  ratoon  sugarcane  (variety  NCo  310)  crop 
was  treated  with  five  levels  of  N  (0,  50,  100,  150  and  200  lb/ac)  applied  as  NH.NO.,,  with  each  treatment 
replicated  four  times.   Each  plot  of  the  randomized  complete  block  design  consisted  of  6  25-ft  long 
rows  of  cane  spaced  6  ft  apart.   Cane  was  hand  harvested  in  January  1975  from  20  ft  of  the  two  center 
rows,  and  the  number  of  millable  stalks  and  total  cane  yields  were  determined. 

Just  before  the  cane  lodged  in  August  1974,  canopy  reflectance  was  measured  from  aircraft,  using 
photographs  taken  of  the  plots  at  1000  ft  altitude  with  Kodak  Aerochrome  Infrared  (CIR)  film  2443  and 
Kodak  Ektachrome  MS  Aerographic  (conventional  color)  film  2448.   The  films  were  exposed  simultaneously 
in  three  70-mm  Hasselblad  cameras  with  80-mm  focal-length  lenses  mounted  to  view  the  same  area.   A 
Hasselblad  orange  filter  (4  X  0  -  2)—'  alone  and  with  a  Wratten  CC20  blue  filter  was  used  with  the  CIR 
film.   A  haze  filter  (1  X  HZ  -  0)  was  used  with  the  conventional  color  film.   The  4X0-2  filter 
excludes  wavelengths  shorter  than  520  nm.   Use  of  the  blue  filter  allowed  the  magenta  tonal  image  to 
predominate  which  increases  the  contrast  between  plants  and  the  soil  background. 


1/ 


The  numbers  and  letter  indicate  the  filter  factor,  color,  and  exposure  value  reduction,  respectively. 
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Optical  density  of  each  plot  was  obtained  with  a  Joyce  Loebl  scanning  microdensitometer .   Optical 
counts  (OC)  of  positive  transparencies  were  measured  with  neutral,  blue  (410  to  495  nm) ,  green  (510  to 
585  nm) ,  and  red  (615  to  700  nm)  bandpass  filters  in  a  tungsten  light  beam.   Optical  count  readings  were 
made  by  scanning  across  the  sugarcane  rows  at  three  locations  within  each  plot.   The  OC  were  converted 
to  optical  densities  (OD)  by  the  relation  OD  =  (OC  -  base  reading)  (wedge  factor)  +  step  wedge  density. 
The  optical  density  values  were  changed  to  percentage  transmission  values  (Log  %  T  =  2  -  OD)  and  combined 
algebraically  to  obtain  values  for  the  red  minus  blue  and  red  minus  green  filter  combinations. 

Plant  height  was  measured  on  five  primary  stalks  in  each  plot  at  about  2-wk  intervals.   Ground  level 
was  marked  with  a  stake,  and  the  top  visible  dewlap  was  the  uppermost  reference  point.   Leaves  numbered 
3,  4,  5  and  6,  counting  from  the  top  down,  were  collected  from  five  stalks  in  each  plot  on  the  photo- 
graphic date.   After  cleaning  the  leaves  with  a  mild  detergent,  their  midribs  were  removed  and  the 
remaining  leaf  tissue  dried,  ground,  and  total  N  determined  by  the  Kjeldahl  N  method. 

Analyses  of  variance  and  regression  were  used  to  evaluate  the  N  stress  effects  on  photographic  data. 

RESULTS  AND  DISCUSSION 

Table  1  shows  the  effects  of  N  fertilization  on  sugarcane  yields,  number  of  millable  stalks  at 
harvest,  leaf  N  concentration,  stalk  height,  and  percentage  of  ground  covered  by  vegetation  on  August  13, 
1974.   Nonfertllized  sugarcane  foliage  was  light  greenish-yellow  on  the  photographic  date.   The  decrease 
in  chlorophyll  concentration  induced  by  the  N  stress  would  decrease  radiation  absorption  and  increase 
reflectance  (Thomas  and  Oerther,  1972);  also,  the  significant  change  in  foliage  density  and  plant  height 
would  affect  reflectance  from  the  crop  canopy. 

Table  1.   Effect  of  N  fertilization  on  vegetative  cover,  plant  height,  millable  stalks,  leaf  N  content, 
and  cane  yields  of  NCo  310  on  August  13,  1974. 


N 
applied 
(lb/ac) 


Vegetative 

cover 

Height 

(%) 

(in.) 

82.0  a 

54.6  a 

91.5  b 

78.0  b 

93.3  b 

78.2  b 

97.5  b 

83.6  b 

97.8  b 

84.6  b 

Millable 

Leaf 

stalks 

N 

Yield 

(no. /ac) 

(%) 

(tons/ac) 

32852  a 

1.35  a 

23.7  a 

41065  b 

1.47  b 

44.7  b 

45874  be 

1.51  b 

48.8  b 

48869  c 

1.57  b 

51.4  b 

56628  d 

1.62  b 

50.1  b 

0 

50 

100 

150 

200 


Column  means  followed  by  a  common  letter  are  not  significantly  different  at  the  5%  probability  level, 
according  to  Duncan's  multiple  range  test. 

Variance  analysis  indicated  that  N  fertilization  significantly  affected  the  optical  densities  of 
the  images  on  the  CIR  films,  but  not  those  on  the  conventional  color  film  (Table  2).   The  blue  filter 
with  the  CIR  film  enhanced  the  red  color  of  the  foliage  and  increased  the  contrast  between  soil  back- 
ground and  canopy  reflectance.   Foliage  color  and  plant  density  differences  among  plots  were  readily 
apparent  on  a  positive  print  of  the  conventional  color  film.   Failure  of  the  microdensitometer  readings 
to  show  significant  differences  in  OD  on  the  conventional  color  film  suggests  that  visible  reflectance 
was  less  sensitive  to  changes  in  percent  vegetation  cover  than  was  near-infrared  reflectance.   Infinite 
reflectance,  defined  as  the  maximum  reflectance  from  leaves  stacked  sufficiently  deep,  simulates  canopy 
reflectance  and  is  reached  in  the  visible  spectral  region  (400  to  750  nm)  with  2-leaf  layers;  whereas, 
in  the  near-infrared  spectral  region  (750  to  1350  nm)  8- leaf  layers  are  needed  (1).   Conventional 
color  film  is  sensitive  to  visible  light  in  the  360-  to  680-nm  spectralregion,  while  color  infrared  film 
(CIR)  is  sensitive  to  visible  and  near-infrared  wavelengths  of  radiation  (520  to  900  nm) . 

Table  2.   Optical  densities  of  film-filter  combinations  as  affected  by  N  fertilization  of  sugarcane. 


N 
applied 
(lb/ac) 


2443^' 


tf 


Film  types  and  filters 


2448^' 


t1~ 


4X0 


4X0-2+  CC20   B 


1   X  HZ 


0 


0 

50 

100 

150 
200 


1.195  a 

1.103  b 
1.073  b 
1.015  b 

1.104  b 


3/ 


459  a 
326  b 
288  b 
270  b 
301  b 


0.926  a 
0.886  a 
0.938  a 
0.850  a 
0.886  a 


j_/Kodak  Aerchrome  Infrared  film  (CIR) . 
2/Kodak  Ektachrome  MS  Aerographic  film  (conventional). 

3/ Column  means  followed  by  a  common  letter  not  significantly  different  at  5%  probability  level,  according 
to  Duncan's  multiple  range  test. 
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The  amounts  of  green,  red  and  near-infrared  light  reflected  from  the  sugarcane  canopy  were 
measured  approximately  on  the  CIR  film  by  using  blue,  green,  and  red  filters,  respectively,  in  the 
microdensitometer .   Data  in  Table  3  show  that  canopy  reflectance  was  greater  in  the  near-infrared 
spectral  region  and  that  reflectance  in  the  green, red,  and  near-infrared  regions  increased  with  the 
rate  of  N  fertilization.   Optical  densities  of  positive  transparencies  were  inversely  related  to  the 
amount  of  light  reflected  from  the  canopy.   Discrimination  among  treatment  effects  was  improved  by 
using  the  bandpass  filters. 


Table  3.   Optical  densities  of  CIR  transparency  (2443)  of  sugarcane  with  white,  red,  blue  and  green- 
filtered  light  as  affected  by  N  fertilization.  


N 
applied 
(lb/ac) 


0 

50 

100 

150 

200 


Bandpass  filter 


1/ 


Neutral 


Red 


Blue 


2/ 
1.195  a-' 

1.103  b 
1.073  b 
1.015  b 

1.104  b 


.724  a 
.613  b 
.553  be 
.511  c 
.533  be 


1 

251  a 

1 

156  ab 

1 

142  b 

1 

086  b 

1 

179  ab 

Green 


1.138  a 

1.085  ab 
1.040  b 
1.015  b 

1.086  ab 


1_/Bandpass  filters  in  light  path  of  microdensitometer. 

^/Column  means  followed  by  a  common  letter  not  significantly  different  at  5%  probability  level  according 
to  Duncan's  multiple  range  test. 


Preharvest  yield  indicators  generally  used  to  estimate  yields  are  plant  density,  expressed  as  the 
number  of  millable  stalks  per  acre,  and  mean  stalk  weight.   When  these  two  parameters  were  determined 
at  harvest,  they  accounted  for  98%  of  the  variation  in  sugarcane  yields.   We  would  not  expect  the 
relationship  among  yield,  plant  density,  and  mean  stalk  weight  to  be  as  strong  if  we  had  measured  the 
yield  indicators  earlier  in  the  season.   However,  the  relative  importance  of  the  two  yield  factors 
should  not  change.   Standard  partial  regression  coefficients  (b ' y  1.2  =  0.6333  and  b'y  2.1  =  0.0186) 
suggest  that  plant  density  had  34  times  more  effect  than  mean  stalk  weights  in  determining  yields. 
The  relation  between  yield  and  plant  density  is  shown  in  Fig.  1.   Yields  are  expressed  as  a  percent  of 
the  maximum  yield  in  each  year.   Maximum  plot  yields  in  1973  and  1974  were  60.5  and  56.4  tons/ac , 
respectively.   Plant  density  in  1974  was  significantly  correlated  with  optical  density  of  the  CIR 
films  as  measured  with  a  red  bandpass  filter  (Table  4) . 
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Figure  1.   Relation  of  relative  sugarcane  yields  to  the  number  of  millable  stalks  in  1973  and  1974. 
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Table  4. 


Regression  equations  expressing  CIR  film  optical  density  (Y)—'  as  a  function  of  plant 
density  (X)!'. 


Filters 


4X0 
4X0 


2  +  CC20  B 


Regression  model 
Y  =  a  +  bx  +  ex!/ 


Correlation 
coefficient 


Y  =  1.765 

Y  =  2.990 


0.0469X  +  0.0004X!/ 

o.io29x  +  o.ooiox!/ 


0.895** 
0.917** 


1_/Red  bandpass  filter. 

2/Millable  stalks  (number /ac  +  1000). 


Canopy  reflectance  correlated  significantly  with  percent  vegetation  cover.   Fig.  2  shows  that  near- 
infrared  canopy  reflectance  (red  filter)  was  more  sensitive  to  changes  in  percent  vegetation  cover  than 
was  red  canopy  reflectance  (green  filter).   The  sensitivity  of  near-infrared  reflectance  to  increasing 
cover  is  due  to  the  multiple  scattering  of  light  by  the  leaf  layers  (1).   Correlation  coefficients, 
Tq  =  0.59**  and  rg  =  0.60**,  indicated  a  highly  significant  linear  relation  between  percent  vegetation 
cover  and  red  and  green  canopy  reflectance,  respectively.   However,  the  slope  of  the  regression  lines, 
bQ  =  0.093  (red  reflectance),  and  bg  =  0.109  (green  reflectance),  suggest  that  reflectance  of  red  and 
green  light  was  nearly  insensitive  to  changes  in  vegetation  cover.   As  green  reflectance  data  overlaps 
the  red  reflectance  data,  it  is  not  presented. 
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Figure  2.   Percent  transmission  of  CIR  film  measured  with  a  red  and  green  filter  in  the  microdensitometer 
in  relation  to  the  percent  vegetation  cover. 

Sugarcane  yields  were  significantly  correlated  with  percent  vegetation  cover  (r  =  0.94**)  and  with 
percent  transmission  of  light  (Table  5).   The  linear  correlations  were  high  (significant  at  the  1%  level) 
when  near-infrared  reflectance  (red  filter)  was  used  to  discriminate  among  the  treatments.   The 
differences  between  near-infrared  and  red  reflectance  (R-G  filter  combination)  and  between  near-infrared 
and  green  reflectance  (R-B  filter  combination)  seem  to  be  the  best  indicators  for  predicting  yields. 
Quadratic  regression  equations  did  not  improve  the  correlations. 
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Table  5.   Regression  equations  expressing  sugarcane  yields  (Y ,  ton/ac)  as  a  function  of  percent 
transmission  of  light  (X)  through  different  bandpass  filters. 


Bandpass 
filters!' 


Neutral 

Red 

Green 

Blue 

Red-green 

Red-blue 


Regression  model 
Y  =  a  +  bx 


1/CIR  film  with  4X0 


Y  =  -10.89  +  6 

65X 

Y  =  -15.73  +  2 

24X 

"Y  =  -  6.69  +  5 

89X 

£  =    7.47  +  5 

18X 

Y  =  -  6.59  +  2 

79X 

f  =  -  9.78  +  2 

74X 

-  2  filter. 

Standard  errors  of 


+1.47 
+0.30 
+2.22 
+2.02 
+0.32 
±0.34 


y-x 


+8.23 
+5.97 
+6.62 
+10.39 
+5.28 
±5.71 


Correlation 
coefficients 


0.740** 

0.873** 

0.581* 

0.528* 

0.902** 

0.885** 


The  strong  linear  relationships  among  near-infrared  canopy  reflectance,  plant  density,  percent 
vegetation  cover,  and  sugarcane  yields  suggest  that  yields  should  decrease  as  does  the  ratio  of  re- 
flectance in  low  vs  high  yield  areas.   Furthermore,  the  degree  of  yield  decrease  caused  by  N  stress  might 
be  quantified  by  using  this  ratio.   Reflectance  was  expressed  as  percent  transmission  of  light  through 
the  film.   Table  6  shows  the  yields  at  different  N  fertilizer  levels  as  measured  and  estimated  from 
percent  transmission  values  using  neutral,  red,  green,  and  blue  filters  in  the  microdensitometer .   The 
estimated  yields  were  calculated  as  the  product  of  the  maximum  yield  (Ym  =  51.4  ton/ac)  and  the  ratio 
of  transmission  in  low  vs  high  yield  areas.   Yield  in  the  nonf ertilized  treatment  was  overestimated 
with  all  filters.   These  overestimations  were  partly  caused  by  reflectance  from  vegetation  other  than 
sugarcane.   In  areas  with  91.5  to  97.8%  vegetation  cover,  yields  were  underestimated  5%  with  the  red 
filter;  whereas,  with  82%  vegetation  cover  yield  was  overestimated  33%. 

Table  6.   Sugarcane  yields  estimated  from  percent  transmission  of  Kodak  Aerochrome  Infrared  film  (2443) 
with  different  filters. 


Bandpass 
filters 


50 


N  applied  (lb /ac) 
100 


Yield  (tons/ac) 


150 


200 


CIR  film 

Neutral 

Red 

Green 

Blue 


33.9 
31.5 
38.8 
35.2 


CIR  film  and  CC20  B  filter 


Neutral 
Red 
Green 
Blue 

Measured  yields 


35.7 
25.8 
40.8 
42.7 

23.7 


42.0 

45.0 

40.7 

46.7 

43.7 

48.5 

43.7 

45.2 

48.4 

52.8 

38.7 

50.0 

47.3 

49.5 

48.1 

49.5 

44.7 

48.8 

51.4 
51.4 
51.4 
51.4 


51, 
51, 
51, 
51, 


41.9 
46.7 
43.6 
41.5 


51.3 
47.9 
49.2 
48.7 


51.4 


50.1 


Reflectance  from  the  soil  background  also  contributed  to  the  total  reflectance.   Since  soils  reflect 
mainly  in  the  green  and  red  wavelengths,  the  effects  of  soil  background  were  minimized  by  substracting 
the  percent  transmission  values  of  the  photographs  with  neutral,  blue,  and  green  filtered  light  from 
that  of  the  red  filtered  light.   Yield  estimates  for  nonf ertilized  sugarcane  were  improved  by  use  of  this 
normalization  procedure  (Table  7).   The  value  of  using  a  blue  filter  with  CIR  film  to  increase  the  con- 
trast between  the  plants  and  soil  background  is  also  apparent. 
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Table  7.   Sugarcane  yields  estimated  from  the  difference  in  percent  transmission  between  various  bandpass 
filter  combinations. 

Bandpass N  applied  (lb/ac) 


filters 0 50  100  150    "        '   200 


----------------  Yield  (tons/ac)  ---------------- 

CIR  film  with   4X0-2   filter 

Red-blue       ~ 30.1  39.5  47.2  51.4  48.5 

Red-green             28.2  39.2  45.8  51.4  48.1 

Red-neutral           30.3  40.0  47.4  51.4  48.8 

CIR  film  with  4  X  0  -  2  and  CC20  B  filters 

Red-blue  ""    "      23.1              37.2  50.1  51.4  47.8 

Red-green             19.2              35.0  50.2  51.4  47.3 

Red-neutral            24.7              37.7  50.1  51.4  47.9 

Measured  yields 23.  7 44.7 48.8 51.4 50.1 

The  computation  of  field  yields  is  illustrated  in  Fig.  3.   Sugarcane  is  red  in  the  photograph  and 
soils  are  dark.   The  sugarcane  field  is  divided  into  42  subunits  which  differ  in  percent  vegetation 
cover.   The  potential  yield  of  the  highest  yielding  subunit  (T.a.)  is  calculated  from  measurements  of 
the  number  of  millable  stalks  and  mean  stalk  weight.   The  reduction  in  yield  associated  with  stressed 
conditions  in  each  subunit  is  assumed  to  be  related  to  the  ratio  of  light  transmission  in  the  low  vs 
high  yield  area.   Estimated  field  yield  is  the  sum  of  the  yield  estimations  in  each  delineated  area 
as  expressed  by  equation  1. 

YF  =  YP    ai  T,  +  a,  T,  +  .  .  .  a  T  I  1 

E   —   £1   1    2   2  n  nj 

I  an  =  ATotal  2 


Where  YF  and  Y  are  the  estimated  and  potential  field  yield  (tons/ac) ,  T  the  mean  percent  transmission 
of  the  film  for  each  subunit  of  area  a.   The  total  field  area  is  expressed  by  equation  2.   In  this  study, 
measured  and  estimated  field  yields  were  43.7  and  44.3  tons/ac,  respectively. 

CONCLUSION 

Results  from  this  study  agreed  with  results  previously  obtained  with  cabbage  (7).   Field  areas 
where   sugarcane  growth  was  limited  by  low  available  N  were  detectable  on  aerial  photographs.   The 
decrease  in  yield  associated  with  N  stress  caused  a  change  in  canopy  reflectance.   The  amount  of  yield 
decrease  was  directly  related  to  the  ratio  of  crop  canopy  reflectance  from  stressed  vs  nonstressed  areas. 

LITERATURE  CITED 

1.  Allen,  W.  A.,  and  A.  J.  Richardson.   1968.   Interaction  of  light  with  a  plant  canopy.   Jour. 

Optical  Soc.  of  Amer.  58:1023-1028. 

2.  Colwell,  R.  H.   1956.   Determining  the  prevalence  of  certain  cereal  crop  diseases  by  means  of  aerial 

photography.   Hilgardia  26  (5)  :223-286. 

3.  Cardenas,  R. ,  A.  Peynado,  H.  W.  Gausman,  A.  H.  Gerbermann ,  and  R.  L.  Bowen.   1971.   Photographic 

sensing  of  boron  and  chloride  toxicities  of  citrus  trees.   Jour.  Rio  Grande  Valley  Hort.  Soc. 
25:36-44. 

4.  Hart,  W.  G. ,  and  V.  I.  Myers.   1964.   Infrared  aerial  color  photography  for  detection  of  populations 

of  brown  soft  scale  in  citrus  groves.   Jour.  Econ.  Entomology  61:617-624. 

5.  Johnson,  P.  L.   1965.   Investigation  of  sugarcane  vigor  with  aerial  photography  in  Puerto  Rico. 

Special  P.eport  93,  U.  S.  Army  Material  Command,  Cold  Region  Research  and  Engineering  Laboratory. 
Hanover,  NH.   USA  CRREL. 

6.  Stanhill,  G. ,  V.  Kalkafi,  M.  Fuchs,  and  Y.  Kager.   1973.   The  effects  of  fertilizer  application  on 

solar  reflectance  from  a  wheat  crop.   Israel  Jour.  Agric.  Res.  22:109-119. 

7.  Thomas,  J.  R. ,  and  A.  H.  Gerbermann.   Yield-reflectance  relations  in  cabbage  as  affected  by  N 

fertilization  and  irrigations.   Photogrammetric  Eng.  and  Remote  Sensing.   In  press. 


98 


8.  Thomas,  J.  R. ,  and  G.  F.  Oerther.   1972.   Estimating  nitrogen  content  of  sweet  pepper  leaves  by 

reflectance  measurements.   Agron.  Jour.  64:11-13. 

9.  Thomas,  J.  R. ,  and  G.  F.  Oerther.   1976.   Growth,  production,  and  leaf  N  content  of  sugarcane  in 

Texas.   Proc.  ASSCT  5:28-35. 

10.  Thomas,  J.  R.,  V.  I.  Myers,  M.  D.  Heilman,  and  C.  L.  Wiegand.   1966.   Factors  affecting  light 

reflectance  of  cotton.   Proc.  Fourth  Symp.  on  Remote  Sensing  of  Environment.   Univ.  of  Michigan, 
Ann  Arbor,   p.  305-312. 

11.  Thomas,  J.  R. ,  C.  L.  Wiegand,  and  V.  I.  Myers.   1967.   Reflectance  of  cotton  leaves  and  its  relation 

to  yields.   Agron.  Jour.  59:551-554. 


•22  '23 

022  0  23 

'     «!     -,    ' 

: 


1  2  4 
024 


'36 
036 


T37; 

n 
037 


Figure  3.   Near-infrared  aerial  photograph  of  a  sugarcane  field  which  has  been  subdivided  in  areas 
differing  in  percent  vegetation  cover. 
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ARTIFICIAL  INOCULATION  OF  SUGARCANE  SEEDLING 

PROGENIES  TO  INCREASE  FREQUENCY  OF  MOSAIC 

RESISTANT  CLONES 

R.  D.  Breaux 

U.  S.  Sugarcane  Field  Station 

Houma ,  Louisiana 

ABSTRACT 

Seedlings  of  four  sugarcane  crosses  were  screened  for  mosaic  resistance  after  being  inoculated 
with  sugarcane  mosaic  virus  strain  H  in  the  greenhouse.   Infection  occurred  in  80%  of  the  seedlings 
and  these  were  discarded.   From  the  remaining  healthy  20%  of  each  of  the  four  crosses,  50  seedlings 
were  selected,  field  planted  with  50  uninoculated-unscreened  seedlings  and  grown  to  maturity.   Ten 
plants  of  each  clone,  both  inoculated  and  check,  were  grown  from  single-bud  seed  pieces,  and  the 
plants  were  again  inoculated  with  mosaic.   As  controls,  60  plants  of  each  of  three  varieties  with 
known  mosaic  resistance  were  included.   The  percentage  infection  by  mosaic  was  recorded  for  each  clone. 
The  control  varieties  responded  to  artificial  inoculation  as  they  did  to  natural  field  infection. 
Variety  L  65-69,  the  most  resistant  control  variety,  had  less  than  10%  mosaic-infected  plants; 
CP  52-68,  the  least-resistant  control  variety,  exceeded  90%  infection.   The  screened  progenies  gave 
2.4  times  more  resistant  clones  (10%  or  less  infection)  than  did  the  unscreened  progenies  of  the  same 
crosses.   The  frequency  of  resistance  was  significantly  higher  after  screening  in  three  of  four  crosses, 
with  the  highest  increase  in  frequency  in  the  most  susceptible  progenies.   Large  field  tests  of  natural 
infection  under  high  disease  incidence  are  under  way. 
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RELATIONSHIP  BETWEEN  NUMBERS  OF  DIAGNOSTIC  BACTERIA  AND  INJURY 
BY  RATOON  STUNTING  DISEASE  IN  SUGARCANE 

A.  G.  Gillaspie  and  G.  Flax 

USDA,  ARS 

Beltsville,  Maryland 

and 

H.  Koike 

USDA,  ARS 

Houma ,  Louisiana 

ABSTRACT 

The  number  of  diagnostic  bacteria  present  in  crude  juice  of  various  ratoon  stunting  disease  (RSD)- 
infected  sugarcane  clones  was  determined  by  phase  contrast  microscopy.   Sugarcane  clones  (CP  29-116, 
CP  52-68  and  L  60-25)  resistant  to  RSD  injury,  and  clones  (CP  36-105,  CP  53-1,  L  62-96  and  L  65-69) 
susceptible  to  RSD  injury,  were  grown  from  RSD-infected  cuttings  in  the  field  at  Houma,  Louisiana. 
Three  stalks  of  each  clone  were  harvested  in  June,  September,  October  and  November,  1975.   The  stalks 
were  milled  separately,  and  various  dilutions  of  the  crude  juice  were  assayed  for  infectivity  on 
sugarcane  clone  CP  44-101.   Diagnostic  bacteria  were  counted  in  10  microscope  fields  for  each  of 
two  drops  from  every  undiluted  juice  sample.   Generally,  the  bacterial  counts  and  the  dilution  end 
points  of  infectivity  were  directly  related.   Juice  from  clones  resistant  to  RSD  injury  contained 
fewer  diagnostic  bacteria  than  did  juice  from  susceptible  clones.   Thus,  phase  contrast  microscopy 
may  have  potential  as  an  improved  method  for  screening  sugarcane  for  resistance  to  RSD  injury.   The 
method  is  rapid  and  yields  bacterial  counts  which  correlate  with  clones  resistant  or  susceptible  to 
RSD  injury. 
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ROOTING  SUGARCANE  MOSAIC  USING  GLYPHOSATE  (ROUNDUP) 

Hugh  P.  Fanguy  and  Donnie  D.  Garrison 

U.S.  Sugarcane  Field  Laboratory 

Houma,  Louisiana 

ABSTRACT 

Most  of  the  Louisiana  sugarcane  crop  is  infected  with  the  sugarcane  mosaic  virus.   Growers 
are  able  to  dig  out  mosaic-infected  plants  from  seed  plots  where  low  levels  of  infection  exist.   It 
is  very  important  that  the  most  effective  and  economical  method  of  roguing  is  available  to  growers 
who  wish  to  continue  this  practice.   Glyphosate  was  tested  for  chemical  roguing  of  mosaic-infested 
plants  in  a  field  of  CP  65-357  with  7.9%  mosaic.   Roundup  (containing  41%  glyphosate)  was  used  at 
two  rates,  i.e.,  3.3  and  6.7  cc  per  liter  of  water  using  a  backpack  sprayer  on  June  23,  1975.   Both 
rates  effectively  stopped  growth  and  killed  all  but  a  few  terminal  and  lateral  buds.   The  mosaic- 
infected  plants  were  either  dead  or  badly  stunted  when  observed  on  September  9,  1975.   The  drift  of 
glyphosate  applied  by  the  backpack  sprayer  killed  neighboring  healthy  plants.   Alternative  methods 
of  applying  glyphosate  to  reduce  drift  will  be  discussed. 
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AERATED  STEAM- -ANOTHER  METHOD  OF  CONTROLLING 
RATOON  STUNTING  DISEASE  OF  SUGARCANE 

Steib,  0.  M.  Cifuentes,  B.  J.  Cochran,  and  M.  M.  Mayeux 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  Louisiana 


ABSTRACT 

Aerated  steam  (AS),  a  mixture  of  air  and  steam,  showed  promise  in  1974  as  a  new  method  of  controll- 
ing the  ratoon  stunting  disease  (RSD).   Further  studies  indicated  the  hot-air  (HA)  oven  now  used  in 
Louisiana  could  be  converted  to  AS.   Good  germination  and  RSD  control  seemed  possible  from  1974  studies. 
The  aims  of  the  studies  being  reported  were  to  find  the  best  AS  temperature-time  combination  for  best 
germination  and  RSD  control  (cane  treated  with  adhering  trash),  as  well  as  variety  tolerance  and  effects 
of  pre-treatment  storage  on  germination.   In  1974,  AS  at  49  C-four  hours,  gave  limited  RSD  control 
and  50  C-four  hours  was  found  to  be  much  more  effective,  with  excellent  germination.   From  greenhouse 
studies  in  1975,  using  cane  with  trash  for  treatment  with  AS,  50  C-four  hours  gave  97.0%  control  of 
RSD,  an  average  for  six  varieties.   Juvenile  and  mature  node  symptoms  were  used  to  identify  RSD  in 
four-month-old  plants  grown  in  the  greenhouse.   Cane  with  trash  was  also  treated  with  AS  at  51  C-four 
hours  in  an  oven  one-third  larger  than  the  commercial  HA  oven.   In  one  large  greenhouse  test,  germina- 
tion and  RSD  control  in  CP  44-101,  L  62-96  and  CP  65-357  were  both  excellent.   Thermocouple  checks  at 
14  points  in  the  large  oven  reached  equilibrium  in  one  hour.   The  same  larger  commercial  oven  was 
used  for  six  weeks  in  the  process  of  treating  four  varieties  at  51  C-four  hours  (cane  with  trash)  in 
the  fall  of  1975.   Fall  and  spring  germination  was  excellent.   Preliminary  tests  over  two  years  showed 
it  may  be  possible  to  use  a  higher  temperature  with  a  reduced  treatment  period.   A  delay  period  before 
treating  with  AS  after  cutting  was  found  less  injurious  than  HA.   Results  of  experimental  and  commercial- 
scale  tests  over  two  years  indicate  AS  may  be  used  to  control  RSD.   Due  to  the  many  advantages  of  AS 
over  HA,  it  is  being  made  available  to  the  Louisiana  industry  in  1976  as  an  additional  method  of  RSD 
control  besides  the  HA  and  hot -water  treatments  now  being  used. 
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A   COMPARISON  OF   THE   SEXUAL  ATTRACTIVENESS ,   FERTILITY,    AND 

FECUNDITY  OF    LABORATORY- REARED  AND  WILD  ADULT   SUGARCANE 

BORERsi' 

James  W.  Sanford 

U.S.  Sugarcane  Field  Laboratory 

Southern  Region,  ARS ,  USDA 

Houma,  Louisiana  70361 

ABSTRACT 

Traps  baited  with  laboratory-reared  female  sugarcane  borer  moths,  Diatraea  saccharalis  (F.)> 
captured  slightly  more  wild  males  than  traps  baited  with  wild  females.   The  fertility  and  fecundity  of 
laboratory-reared  and  wild  females  did  not  differ,  but  wild  males  were  more  fertile  than  laboratory- 
reared  males . 

INTRODUCTION 

Mass-reared  sterile  insects  are  presently  being  released  to  control  the  screwworm,  Cochliomyia 
hominivorax  (Coquerel),  in  the  southwestern  U.S.,  to  prevent  the  Mexican  fruit  fly,  Anastrepha  ludens 
(Lowe),  from  entering  California  from  Mexico,  and  to  prevent  the  spread  of  the  pink  bollworm, 
Pectinophora  gossypiella  (Saunders),  to  uninfested  cotton-producing  areas  in  the  United  States.   Mass- 
reared  insects  are  also  used  to  artificially  infest  plants  in  host  plant  resistance  studies  and  in  a 
number  of  pilot  tests  of  genetic  and  biological  control  (3).   In  some  of  these  programs,  the  behavior  of 
the  mass-reared  insects  has  become  unsatisfactory,  a  development  usually  attributed  largely  to  adaptive 
hereditary  changes  during  many  generations  of  laboratory  colonization.   However,  the  success  of  pest 
management  programs  often  depends  on  the  adequate  field  performance  of  mass-reared  released  insects. 
It  is  therefore  important  to  identify  and  correct  any  deficiencies  present  in  the  laboratory  colonies. 

At  the  Sugarcane  Field  Laboratory,  the  sugarcane  borer,  Diatraea  saccharalis  (F.),  is  reared  for 
use  in  tests  of  inherited  sterility,  biological  control,  and  host  plant  resistance.   In  view  of  the 
importance  of  these  laboratory-reared  insects  to  the  research  effort,  I  recently  began  a  program  to 
measure  and  evaluate  the  performance  of  laboratory-reared  sugarcane  borers  by  comparing  them  with  non- 
laboratory  reared  (hereafter  referred  to  as  wild)  sugarcane  borers.   The  work  reported  here  was  under- 
taken in  an  effort  to  compare  the  attractiveness,  fertility,  and  fecundity  of  laboratory-reared  and  wild 
sugarcane  borer  females. 

MATERIALS  AND  METHODS 

The  laboratory  insects  used  in  the  test  were  taken  from  a  colony  maintained  in  the  laboratory  for 
7  generations ,  ca .  8  months .   This  colony  was  started  from  larvae  collected  in  the  field  in  the 
Terrebonne  Parish  area  of  Louisiana.   The  test  larvae  were  reared  in  individual  1-oz  plastic  jelly  cups 
on  the  diet  of  Burton  (1),  which  had  been  modified  by  substituting  dried  ground-up  sugarcane  leaves  for 
one-half  the  pinto  beans  in  the  diet,  and  were  held  at  27  _  2  C  and  about  807„  RH,  in  continuous  light. 
Pupae  were  sexed  and  held  at  26  C  in  a  14-h  light : 10-h  dark  photoperiod .   Males  and  females  were  held  in 
separate  cages  at  the  same  photoperiod  to  insure  that  only  virgin  females  and  unmated  males  were  used  in 
the  tests  . 

The  wild  insects  used  in  the  test  were  collected  as  pupae  or  late-instar  larvae  from  4  locations 
in  Terrebonne  Parish.   Each  larva  was  placed  in  a  1-oz  jelly  cup  of  artificial  diet  and  allowed  to  com- 
plete development.   The  pupae  were  sexed,  placed  in  separate  cages,  and  were  held  at  conditions  similar 
to  those  provided  for  the  laboratory-reared  larvae  and  pupae  as  were  the  emerging  adults . 

The  first  test  was  made  in  a  field  of  CP  65-357  first-stubble  sugarcane  at  the  Houma  station  to 
compare  the  attraction  of  females  from  the  2  sources.   Twelve  sex  attractant  traps  (3.8-liter  paper 
cartons  with  both  ends  removed  and  the  interior  coated  with  Stikem  Special)  were  hung  from  sugarcane 
plants  with  a  piece  of  string.   Five  were  baited  with  laboratory-reared  females,  5  were  baited  with  wild 
females,  and  2  were  unbaited  .   The  bait  was  a  single  virgin  female  less  than  24  h  old  placed  in  a  8  x  4-cm 
wire  cage;  1  such  cage  was  suspended  from  a  wire  hook  in  the  top  of  each  trap.   The  first  part  of  the 
study  was  conducted  June  5-Aug.  15  and  the  second  part  Aug.  16-Sept.  24.   In  the  first  trial,  the  traps 
were  placed  in  the  field  in  a  completely  randomized  block  design  with  15  m  between  traps;  then  the  traps 
were  re-randomized  every  other  day.   In  the  second  trial,  the  traps  were  arranged  in  pairs,  one  of  which 
contained  a  laboratory-reared  female  and  the  other  a  wild  female;  one  trap  of  a  pair  was  placed  on  a 


—  Research  at  this  location  is  done  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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sugarcane  plant  in  one  row,  and  the  other  was  placed  directly  across  from  it,  about  1  m  away,  on  a  plant 
in  the  adjacent  row.   The  traps  were  arranged  in  a  straight  line  down  the  2  rows  with  15  m  between  each 
pair.   The  position  of  the  2  traps  in  each  pair  was  alternated  daily. 

In  both  trials,  the  traps  were  checked  daily,  and  the  catch  of  males  from  the  previous  night  was 
removed.   Females  were  replaced  every  other  day  unless  one  died  sooner,  which  seldom  occurred;  at  the 
same  time  as  needed,  traps  were  replaced  or  recoated  with  Stikem  Special.   The  data  from  the  2  trials 
were  analyzed  separately  by  a  combined  analysis  of  variance. 

The  second  test  was  made  in  the  laboratory  to  determine  the  fertility  and  fecundity  of  laboratory 
reared  (L)  and  wild  (W)  sugarcane  borers.   Four  series  of  crosses  were  arranged:   Ltf*x  !$.,  Wo"  x  L°-, 
Lc?  x  W°_,  and  Wo*  x  W°-.   One  unmated  male  less  than  24  h  old  was  placed  with  a  virgin  female  of  like  age 
in  a  1-pt  cardboard  carton  with  a  compression  seal  plastic  lid.   A  piece  of  moist  cotton  placed  in  each 
carton  maintained  high  humidity  and  provided  water  for  the  moths.   The  cartons  were  held  in  a  14-h  light: 
10-h  dark  photoperiod  at  27  -  2  C .   Eggs  were  deposited  on  the  inner  surface  of  the  carton  and  lid.   When 
the  eggs  in  the  carton  began  to  hatch,  any  moths  that  were  still  alive  were  removed  and  placed  in  separate 
cartons  to  complete  oviposition.   At  death  all  female  moths  were  dissected,  and  the  bursa  copulatrix  was 
examined  to  determine  the  number  of  spermatophores  present.   Fecundity  was  determined  from  the  eggs  laid 
by  each  female  and  fertility  from  the  percentage  of  eggs  that  hatched. 

RESULTS 


Female  attractiveness .   In  the  first  trial  of  female  attractiveness,  the  traps  baited  with  labora- 
tory-reared females  caught  416  males,  while  the  traps  baited  with  wild  females  caught  371  males.   In 
the  second  trial,  the  traps  baited  with  laboratory  females  caught  282  males  while  the  traps  baited  with 
wild  females  caught  252  males.   The  analysis  showed  no  significant  difference  between  the  number  of  males 
attracted  by  laboratory-reared  and  wild  females  in  either  trial. 

Fertility  and  fecundity.   Data  from  the  test  of  fertility  and  fecundity  are  shown  in  Table  1.   Wild 
males  effected  a  significantly  higher  percentage  egg  hatch  than  laboratory  males,  that  is,  the  WcTx  L°_ 
and  W^x  W°-  crosses  both  had  higher  average  percentage  egg  hatch  than  did  the  W'x  4  and  LcT  x  W°-  crosses. 
There  was  no  significant  difference  in  fecundity  among  the  females  in  any  of  the  4  pairings,  and  there 
was  no  significant  difference  in  the  number  of  spermatophores  per  female. 


Table  1.   Fertility  and  fecundity  of  laboratory-reared  (L)  and  wild  (W)  sugarcane  borer  moths. 


Cross 


No. 
pairs 


Average  °L  . 
egg  hatch— 


Ld*x  W°- 

Lc?x  L°_ 

W«?x  L°- 

W(?  x  W°- 


55 
59 
58 
59 


74.0  a 
76.2  a 
85.5  b 
85.9  b 


Average  no 
eggs/°- 

575 

a 

597 

a 

613 

a 

599 

a 

a/ Analysis  conducted  on  arcsin  transformation  of  percentage  egg  hatch;  retransformed  figures  given. 
Means  followed  by  the  same  letter  are  not  significantly  different  at  the  5%  level  by  Duncan's 
multiple  range  test. 

DISCUSSION 

Perez  and  Long  (4)  were  the  first  to  demonstrate  the  presence  of  a  chemical  sex  attractant  in  the 
female  sugarcane  borer  (4):   they  found  that  the  moths  were  most  attractive  during  the  first  3  days  of 
life.   Sower  et  al.  (6),  working  with  the  almond  moth,  Cadra  cautella  (Walker),  found  no  significant 
differences  between  the  output  of  pheromone  by  W  and  L  females  or  between  the  responsiveness  of  wild  or 
laboratory-reared  males  to  W  and  L  females.   Richerson  and  Cameron  (5)  reported  that  wild  female  gypsy 
moths,  Lymantria  (=Porthetria)  dispar  (L. ) ,  were  more  attractive  to  wild  males  than  laboratory-reared 
females  and  concluded  that  rearing  the  gypsy  moth  on  artificial  diet  and/or  the  rearing  conditions  may 
have  caused  the  reduced  output  of  pheromone  by  laboratory-reared  females.   Flint  et  al.  (2)  found  no 
difference  between  the  attractiveness  of  mass-reared  and  field-collected  female  pink  bollworms , 
Pectinophora  gossypiella  (Saunders).   My  results  also  indicate  that  there  is  no  difference  between  the 
attractiveness  of  wild  and  laboratory-reared  sugarcane  borer  females. 
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The  cause  of  the   reduced   fertility  of  our    laboratory-reared  males    is    unknown.      It  may   result    from 
a    dietary   deficiency  or   from   less    than  optimum  rearing   conditions. 

In  sum,    I    found   no   difference   among   females    in  the  sexual  attractiveness   or   fecundity  between 
laboratory-reared   and  wild   populations,    but    laboratory-reared  males   were    less    fertile   than  wild  males. 
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PRE-  AND   POSTEMERGENCE  HERBICIDES    IN   LOUISIANA   SUGARCANE 

Ernest   R.   Stamper 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,   Louisiana 

ABSTRACT 

The  weed  and  grass  control  recommendations  of  herbicides  for  1976  include  eight  preemergence 
chemicals,  three  pre-  and  postemergence,  and  one  postemergence  for  use  in  Louisiana  sugarcane.   Only 
four  of  the  preemergence  chemicals  are  generally  used;  the  other  four  chemicals  are  used  in  specific 
areas  in  the  sugarcane  belt.   The  pre-  and  postemergence  herbicides  are  generally  used  throughout  the 
Louisiana  sugarcane  industry  but  have  little  or  no  use  in  other  sugarcane  growing  areas  of  the  world. 
Dalapon  is  the  only  postemergence  herbicide  mentioned  in  the  1976  general  recommendations  however, 
Asulox  is  suggested  for  use  in  a  supplemental  recommendation  prepared  after  the  general  recommendations 
were  written. 


Louisiana  sugarcane  growers  may  select  from  eight  preemergence  chemicals  for  controlling  weeds  and 
grasses  in  their  crop.   These  chemicals  are,  Karmex,  Princep,  Treflan,  Cotoran,  Fenac ,  Sinbar,  AAtrex, 
and  silvex;  however,  only  four  are  generally  used  and  some  are  used  for  specific  weed  or  grass  control. 

Fenac,  Sinbar,  Treflan,  and  silvex  are  used  more  than  the  others  mentioned.   Treflan  is  used  for 
the  control  of  itchgrass  and  to  some  extent  in  the  cotton  growing  areas  on  sugarcane.   These  preemergence 
chemicals  are  used  mostly  on  plant  sugarcane  but  may,  under  some  conditions,  be  used  on  stubble  sugarcane. 

Karmex,  Princep,  AAtrex,  and  Cotoran  are  very  weak  in  controlling  johnsongrass  seedlings  and  are 
not  generally  used  where  johnsongrass  seedlings  are  known  to  exist. 

Three  new  chemical  herbicide  candidates  have  been  tested  and  evaluated  in  the  past  several  years. 
These  three  candidates  are,  Chemagro's  Sencor,  Elanco's  Spike,  and  Dupont's  Velpar.  All  three  of  these 
chemicals  are  in  the  process  of  being  registered  and  labeled  for  use  in  sugarcane. 

The  comparative  effects  of  these  materials  on  grass  control  and  the  yield  of  sugarcane  are  shown 
in  Tables  1,  2,  3,  4.  Tables  1  and  2  show  the  results  when  the  chemicals  were  used  on  two  varieties  of 
plant  sugarcane.  Many  combinations  of  chemicals  and  changing  treatments  in  spring  from  the  fall  are 
shown  in  Tables  1  and  2.   This  shifting  has  been  evaluated  to  attempt  to  have  data  in  case  some  grass 
or  broadleaf  weed  should  become  resistant  or  immune  to  the  use  of  a  single  chemical. 

Table  1.   The  comparative  effect  of  several  preemergence  herbicides  used  at  different  rates  and  combina- 
tions on  grass  control  and  the  yield  of  plant  sugarcane  1974-75,  variety  CP  48-103  at  Alma 


Treatment  and 

rate/acre 

Tons 

7„  sucrose 
normal 

Lb 
sugar/ton 

Lb 

Fall 

Spring 

%  of 

1974 

1975 

cane/acre 

iuice 

cane 

sugar /acre 

control 

Untreated  check,/ 
Sencor  1  1/2  lb- 

Check 

10.8 

14.97 

215.8 

2331 

- 

Fenac  2  qt  & 

Sinbar  1/2  lb 

36.0 

15.30 

221.3 

7967 

93.0 

Fenac  4  qt  & 

Silvex  1  lb 

Repeat 

33.3 

14.82 

214.1 

7130 

84.0 

Sencor  1  1/2  lb 

Sinbar  2/3 

33.1 

14.66 

210.5 

7117 

87.0 

Sinbar  2/3  lb 

Fenac  4  qt  & 

Silvex  1  lb 

33.7 

14.67 

210.7 

7100 

95.0 

Spike  3/4  lb 

Sinbar  2/3  lb 

31.3 

15.16 

219.0 

6855 

73.0 

Velpar  1/4  lb 

Repeat 

32.5 

14.48 

207.5 

6744 

95.0 

Sinbar  2/3  lb 

Repeat 

33.7 

13.93 

198.2 

6679 

95.0 

Sinbar  2/3  lb 

Sinbar  1/2  lb  & 

Fenac  2  qt 

31.4 

14.70 

211.2 

6632 

86.0 

_  _ 

Velpar  1  lb 

31.5 

14.34 

205.2 

6464 

97.0 

_  _ 

Spike  3/4  lb 

30.0 

14.67 

210.7 

6321 

97.0 

Spike  3/4  lb 

Repeat 

32.2 

13.74 

194.9 

6276 

90.0 

-  - 

Velpar  1/2  lb 

27.9 

14.79 

212.7 

5934 
(Continued) 

89.0 
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Table  1.   Continued 


Treatment  and 

rate/acre 

Tons 

%  sucrose 
normal 

Lb 
sugar /ton 

Lb 

Fall 

Spring 

%   of 

1974 

1975 

cane/acre 

iuice 

cane 

sugar /acre 

control 

Fenac  4  qt  & 

Silvex  1  lb 

Sencor  1  1/2  lb 

24.8 

15.02 

216.6 

5372 

90.0 

Velpar  1/2  lb  & 

Fenac  2  qt 

Repeat 

26.1 

14.08 

200.8 

5241 

96.0 

Lexon  1  1/2  lb 

Repeat 

24.7 

14.73 

211.7 

5229 

94.0 

Sencor  1  1/2  lb 

Repeat 

26.1 

13.73 

194.7 

5082 

93.0 

Velpar  1/2  lb 

Repeat 

23.4 

14.73 

211.7 

4954 

89.0 

Fenac  2  qt  & 

Slnbar  1/2  lb 

Repeat 

23.0 

12.94 

180.9 

4161 

95.0 

Sinbar  2/3  lb 

Velpar  1/2  lb 

19.0 

13.62 

192.8 

3663 

90.0 

Velpar  1  lb 

Repeat 

15.4 

12.31 

169.8 

2615 

96.0 

1/Sencor,  Lexon,  Velpar,  Spike,  and  Sinbar  all  wettable  or  water  soluble  powders  and  were  used  as 
commercial  formulations  and  not  active  ingredients. 

Fall  application  -  Sept.  23,  1974;  Spring  application  -  April  2-3,  1975;  Band  application  on  30  inches 
or  5/12  broadcast  rate. 

Table  2.   The  effect  of  several  preemergence  herbicides  used  at  different  rates  and  combinations  on 

grass  control  and  the  yield  of  plant  sugarcane  1974-75,  variety  CP  65-357  at  Alma  Plantation. 


70  sucrose 

Lb 

Tons 

normal 

sugar /ton 

Lb 

1   of 

cane/acre 

iuice 

cane 

sugar/acre 

control 

17.9 

15.33 

221.8 

3970 

__ 

33.0 

15.42 

233.2 

7696 

86.0 

33.3 

14.98 

216.0 

7193 

97.0 

31.9 

15.53 

225.1 

7181 

95.0 

30.8 

15.95 

232.2 

7152 

93.0 

30.0 

15.56 

225.6 

6768 

94.0 

31.0 

14.99 

216.1 

6699 

95.0 

25.4 

15.22 

219.9 

5585 

90.0 

22.4 

13.85 

196.8 

4408 

85.0 

Untreated 
Velpar  1/ 
Spike  3/4 
Fenac  4  q 
Silvex  1 
Sencor  1 
Lexon  1  1 
Sinbar  2/ 
Velpar  1/ 
Fenac  2  q 
Velpar  1 


check 

2  lbi' 
lb 

t  & 
lb 

1/2  lb 
II   lb 

3  lb 

2  lb  & 

t 

lb 


Repeat 
Repeat 

Repeat 
Repeat 
Repeat 
Repeat 

Repeat 
Repeat 


1/Velpar,  Spike,  Sinbar,  Sencor,  and  Lexon  are  all  wettable  or  water  soluble  materials  and  are  used  at 
the  commercially  formulated  rate.  Applied  on  a  30  inch  band  5/12  total  broadcast  area. 

Fall  application  -  Sept.  23,  1974;  Spring  application  -  April  2-3,  1975. 

The  results  in  Tables  3  and  4  show  data  on  the  use  of  a  single  chemical  in  stubble  cane  to  look 
for  immune  weeds  and  grasses.   These  two  tables  show  the  results  of  work  done  at  St.  Gabriel  where  a 
single  chemical  has  been  used  in  plant  cane  and  first  stubble.   This  work  is  being  continued  and  a  new 
planting  is  to  be  started  in  1976  to  repeat  and  continue  the  work.   Two  varieties  are  used  in  the  St. 
Gabriel  work.   This  allows  new  varieties  of  sugarcane  to  be  under  chemical  treatment  several  years  before 
they  are  evaluated  in  outfield  tests. 

After  harvest  in  1976  these  two  varieties  will  be  plowed  and  the  land  will  be  fallow  plowed  in 
1977  and  replanted.  The  same  chemical  herbicide  will  be  applied  to  the  same  area  in  future  years  to 
attempt  to  produce  a  weed  population  that  is  resistant  or  immune  to  a  certain  chemical  herbicide. 

Tables  5,  6,  7,  8,  and  9  show  the  results  and  data  from  stubble  sugarcane  where  Asulox  and  combi- 
nations of  other  chemicals  were  evaluated.  These  data  include  the  percent  grass  control,  the  yield  of 
sugarcane  in  tons  per  acre,  and  other  yield  information. 

From  these  and  other  data  accumulated  over  a  period  of  several  years,  it  appears  that  Asulox  will 
become  a  very  good  tool  for  Louisiana  sugarcane  growers  to  use  in  the  fight  against  johnsongrass  and 
other  grasses  that  grow  with  wide  large  leaves.  Asulox  is  not  effective  against  the  small  narrow  leaf 
grasses,  such  as  bermudagrass . 
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Table  3. 


The  effect  of  repeated  applications  of  herbicides  on  plant  and  first  stubble  sugarcane  at  St. 
n«i 4„i t.,^^a   /.nn^rni  on/i  ttIoIH  nf   snMrcanp  -  1973-74-75,  variety  L  62-96. 


Treatment  and  rate/acre 

Tons 

7.  sucrose 
normal 

Lb 
sugar/ton 

Lb 

Fall 

Spring 

Spring 

%  of 

1973 

1974 

1975 

cane/acre 

iuice 

cane 

sugar/acre 

control 

Untreated  check 
Sinbar  2/3  lbi' 

10.3 

15.59 

226.1 

2329 

- 

2/3  lb 

1  lb 

19.1 

15.70 

228.0 

4355 

83.0 

Sencor  1  1/2  lb 
Fenac  4  qt|/ 

1  1/2  lb 
Sinbar  2/3  lb 

2  lb 
Velpar  1  lb 

20.3 
18.6 

14.59 
15.70 

209.3 
228.0 

4249 
4241 

80.0 
85.0 

Fenac  4  qt-' 

4  qt 

4  qt 

17.1 

16.00 

233.0 

3984 

80.0 

Spike  3/4  lb 

3/4  lb 

1  1/2  lb 

18.0 

15.14 

218.6 

3935 

78.0 

Sencor  1  1/2  lb 

Sinbar  2/3  lb 

Velpar  1/2  lb 

16.0 

15.39 

222.8 

3648 

81.0 

Sinbar  2/3  lb 

Fenac  4  qt 

Fenac  4  qt 

13.8 

15.38 

222.7 

3073 

76.0 

Sinbar  2/3  lb 

Sencor  1  lb 

Sencor  2  lb 

14.7 

15.30 

221.3 

2360 

93.0 

Spike  1/2  lb 

1/2  lb 

1/2  lb 

11.4 

13.91 

197.9 

2256 

84.0 

l./Sinbar,  Sencor,  Spike,  and  Velpar  used  as  commercial  products. 

2/Fenac  used  with  1  lb  Silvex  per  acre. 

3/A11  applications  made  on  a  30  inch  band  5/12  total  area. 

Table  4.   The  effect  of  repeated  applications  of  herbicides  on  plant  and  first  stubble  sugarcane  at  St, 

_-   .-  .  -      .    .*■■    .• __      i  nil     -il.     -7e   j  _.___  n-n  £.  c  o  C"7 


Treatment  and  rate/acre 

Tons 

%  sucrose 
normal 

Lb 
sugar/ton 

Lb 

Fall 

Spring 

Spring 

7.  of 

1973 

1974 

1975 

cane/acre 

iuice 

cane 

sugar/acre 

control 

Untreated  check 

18.1 

14.11 

201.0 

3638 

- 

Sinbar  2/3  lbl/ 
Fenac  4  qt— '    _ , 
Sencor  1  1/2  lb^' 

Sencor  1  1/2  lb 

Sencor  2  lb 

30.6 

13.28 

186.9 

5719 

96.0 

4  qt 

4  qt 

28.2 

13.07 

183.2 

5166 

93.0 

Sinbar  2/3  lb 

Velpar  1/2  lb 

24.2 

13.36 

188.3 

4557 

93.0 

Sinbar  2/3  lb 

Fenac  4  qt 

Fenac  4  qt 

21.9 

14.12 

201.4 

4411 

94.0 

Sencor  1  1/2  lb 

1  1/2  lb 

2  lb 

21.9 

13.95 

198.6 

4349 

92.0 

Spike  1  lb 

1  lb 

1  1/2  lb 

22.7 

13.47 

190.2 

4318 

98.0 

Fenac  4  qt 

Sinbar  2/3  lb 

Velpar  1  lb 

21.6 

14.00 

199.4 

4307 

95.0 

Sinbar  2/3  lb 

2/3  lb 

1  lb 

20.9 

12.82 

178.8 

3737 

95.0 

Spike  1/2  lb 

1/2  lb 

3/4  lb 

18.6 

12.77 

178.0 

3311 

88.0 

1/Sinbar,  Sencor,  Spike,  and  Velpar  used  as  commercial  products. 

2/Fenac  used  with  1  lb  Silvex  per  acre. 

3/A11  applications  made  on  a  30  inch  band  5/12  total  area. 


Table  5.   The  effect  of  Asulox  applied  to  second  year  stubble  sugarcane  for  johnsongrass  control.   1975, 
variety  CP  61-37. , . 


Treatment  and  rate/acre 


%   normal 

Tons 

juice 

cane/acre 

sucrose 

13.4 

14.87 

22.3 

15.17 

22.7 

14.49 

20.5 

15.07 

Lb 
sugar/ton 
cane 


Lb 
sugar/acre 


%  grass 
control 


Plantation  practice-         „, 

3  qt  Asulox  +1  1/2  lb  dalapon- 

4  qt  Asulox 

2  qt  Asulox  +  1  1/2  lb  dalapon 


214.1 
219.9 
207.6 
217.5 


2869 
4886 
4713 
4459 


65.0 
75.0 
81.0 
70.0 


1/Two  applications  of  dalapon  at  2  1/2-2  lb  per  acre  plus  1  lb  silvex — applied  by  airplane. 

2/0ne  lb  of  silvex  per  acre  applied  with  all  treatments.   Ground  application  on  1/2  to  2/3  total  area. 
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Table  6.      The  effect  of  Asulox  and  combinations   of  Asulox  and  dalapon  on  grass   control  and  the  yield  of 
second  year  stubble  sugarcane  where  4  qt  of  Asulox  were  applied  in  the  fall  to  cane  cut  for 
seed  in  1973. 


%  normal 

Lb 

Treatment  and 

rate/acre 

Tons 

juice 

sugar/ton 

Lb 

%  grass 

1974-1975 

cane/acre 

sucrose 

cane 

sugar /acre 

control 

Untreated  chec 

k 

U 

3.2 

14.15 

202.0 

646 

__ 

Plantation  practice- 

12.2 

13.49 

190.5 

2324 

50.0 

Applied  April   10,    1974 

2/ 
4  qt   Asulox 

23.3 

14.57 

209.0 

4870 

95.0 

2  qt   Asulox 

23.6 

14.28 

204.2 

4819 

81.0 

3  qt   Asulox 

22.3 
Applied 

13.68 
April  30,    1974 

192.9 

4302 

Check 

5.2 

14.34 

205.2 

1067 

— 

4  qt  Asulox 

31.9 

14.85 

213.8 

6820 

96.0 

3  qt  Asulox 

27.1 

14.20 

202.8 

5496 

87.0 

3  qt  Asulox   + 

1 

1/2 

lb 

dalapon 

27.3 

13.91 

197.9 

5403 

91.0 

2   qt  Asulox 

22.4 

14.83 

213.4 

4708 

83.0 

2   qt   Asulox   + 

1 

1/2 

lb 

dalapon 

24.1 

13.92 

198.0 

4771 

86.0 

1/Plantation  practice  2   1/2   lb  dalapon  +  2   lb  dalapon  +  1   lb  silvex  21  days    later—applied  with  an  airplane. 
2/Asulox  applied  to   1/2   to  2/3  total  area  +  1   lb  of  silvex  per  acre. 

Table  7.      The  effect  of  Asulox  and  combinations  of  Asulox  and  dalapon  at  different  rates   and  dates  of 

application  on  grass   control  and  the  yield  of  sugarcane   in  second  stubble  on  Alma    Plantation, 
variety  CP  48-103--1975.      Cane  cut   for  seed  and  no  Asulox  applied  in  fall   1973. 


Treatment  and  rate/acre 
applied   1974-1975J' 


7.  normal 

Lb 

Tons 

juice 

sugar/ton 

Lb 

%  grass 

cane/acre 

sucrose 

cane 

sugar /acre 

control 

Untreated  check 


6.3 


14.14 


201.7 


1271 


Applied  April   10,    1974 


2/ 


2   qt   Asulox   +  1    1/2    lb   dalapon- 
4  qt   Asulox 
2   qt   Asulox 


4  qt  Asulox 

3  qt  Asulox  +  1  1/2  lb  dalapon 

3  qt  Asulox 


I/All  applications  made  on  April  23,  1975. 

2/A11  applications  made  with  1  lb  of  silvex  per  acre. 


23.2                     14.31 

204.7 

4749 

81.0 

21.2                     14.03 

199.9 

4238 

90.0 

20.6                     14.09 

200.9 

4139 

72.0 

Applied  April  30,    1974 

28.5                     14.24 

203.5 

5800 

95.0 

25.5                     14.66 

210.5 

5368 

86.0 

26.1                    14.08 

200.8 

5241 

83.0 

Ground  application  on  1/2  to  2/3  total  area. 


1.10 


Table   8.      The   effect   of  Asulox  and   combinations    of  Asulox  and   dalapon  on  grass    control  and  sugarcane 

yields    of  second   year   stubble   sugarcane  where   two  qt   of  Asulox  were  applied  on  cane   cut    for 
seed   in   the   fall   of    1973,    variety  CP  48-103   on  Alma    Plantation. 


Treatment  and  rate/acre 
1974-1975 


Tons 
cane/acre 


°L   normal 

juice 

sucrose 


Lb 

sugar/ton 

cane 


Lb 
sugar/acre 


%  grass 
control 


Untreated  check 
Plantation  practice 
4  qt  Asulox—' 
3  qt  Asulox 
2  qt  Asulox 


1/ 


Applied  April    10,    1974 


6.1                     14.71 

211.4 

1290 



11.6                     14.00 

199.4 

2313 

55.0 

25.3                     13.33 

187.7 

4749 

96.0 

18-6                     14.93 

215.1 

4001 

81.0 

15.6                     12.90 

180.2 

2811 

65.0 

Applied  April   30,    1974 

Untreated   check 

4   qt    +  4   qt   Asulox 

4   qt  Asulox 

3   qt  Asulox 

3   qt  Asulox   +  1    1/2 

lb  dalapon 

2   qt  Asulox   +  1    1/2 

lb  dalapon 

2   qt  Asulox 

6.3 
34.3 
28.0 
24.7 
23.6 
22.6 
15.0 


14.72 
14.33 
15.19 
14.98 
14.66 
15.17 
15.38 


211.5 
205.0 
219.4 
216.0 
210.5 
219.7 
222.6 


1332 
7032 
6143 
5335 
4968 
4952 
3339 


94.0 
95.0 
88.0 
90.0 
86.0 
67.0 


^/Plantation   practice   2    1/2    lb   dalapon   +  a   second  application  of   2    lb   dalapon   21   days    later.      Silvex  at 

1    lb   per  acre   added. 
2/A11  applications  with   1   lb  of  silvex  per  acre  added.      Ground  application  on   1/2   to   2/3  total  area. 

Table   9.      The   effect   of  Asulox  and   combinations    of  Asulox  and   dalapon  on   johnsongrass   control  and   the  yield 
of   first   year   stubble   sugarcane  at  Alma    Plantation--1974-1975,   variety  CP  61-37. 


%  normal 

Lb 

%  weed  and 

Treatment  and   rate 

/acre 

Tons 
cane/acre 

juice 
sucrose 

sugar/ton 
cane 

Lb 
sugar /acre 

grass 

Fall 

1974 

Spring   1975 

control 

Untreated  check             . 
Plantation   practice— 

Check 

13.0 

14.11 

201.3 

2617 

.. 

— 

21.6 

14.76 

212.2 

4584 

78.0 

3    qt 

Asuloxf/ 

3 

qt 

Asulox 

36.2 

14.00 

199.4 

7218 

95.0 

3    qt 

Asulox 

3 

qt 

Asulox 

34.4 

14.51 

208.0 

7155 

94.0 

3    qt 

Asulox 

3 

qt 

Asulox 

34.5 

14.32 

204.8 

7066 

94.0 

3 

qt 

Asulox 

33.7 

14.23 

203.3 

6851 

95.0 

-- 

2 

qt 

Asulox 

32.6 

14.43 

206.7 

6738 

91.0 

4   qt 

Asulox 

4 

qt 

Asulox 

31.5 

14.28 

204.2 

6432 

96.0 

-- 

2 

qt 

As  ulox 

30.8 

14.51 

208.2 

6406 

94.0 

4    qt 

Asulox 

30.5 

13.93 

198.2 

6045 

95.0 

2   qt 

Asulox 

2 

qt 

Asulox 

29.7 

14.00 

199.4 

5922 

94.0 

-- 

3 

qt 

Asulox 

27.9 

14.27 

204.0 

5692 

94.0 

-- 

4 

qt 

Asulox 

27.1 

14.17 

202.3 

5482 

95.0 

4   qt 

Asulox 

4 

qt 

Asulox 

+ 

1 

1/2    lb  dalapon 

25.2 

14.67 

210.7 

5309 

90.0 

2   qt 

Asulox 

-- 

23.8 

15.20 

219.6 

5226 

86.0 

3   qt 

Asulox 

3 
1 

qt   Asulox   + 
1/2    lb   dalapon 

25.5 

14.24 

203.5 

5189 

85.0 

-- 

3 
1 

qt   Asulox   + 
1/2    lb   dalapon 

24.4 

14.47 

207.3 

5058 

89.0 

2  qt 

3  qt 

Asulox 
Asulox 

2 
1 

2 
1 

qt   Asulox  + 
1/2   lb   dalapon 

qt   Asulox   + 
1/2   lb   dalapon 

20.8 
18.7 

19.6 

14.66 
14.42 

13.63 

210.5 
206.5 

192.9 

4378 
3862 

3781 

76.0 
95.0 

89.0 

^/Plantation   practice--two   applications   of   dalapon  at   2    1/2    lb   +  2    lb   +  1    lb  of  silvex   per  acre  applied 

by  airplane  at   21   day   intervals. 
2/Applied   to    1/2   to   2/3   the  area  with    1   lb  of  silvex   per  acre.      All  Asulox  applications    or   combinations 

of  Asulox  and   dalapon. 


Ill 


The  time  of  application  is  very  important  in  using  Asulox  for  its  maximum  effect.  One  application 
is  not  effective  when  used  alone  and  it  is  not  economically  feasible  to  make  two  applications  of  Asulox, 
if  it  was  labeled  to  make  two  applications . 

From  these  data  it  may  be  seen  that  the  low  rates  of  Asulox  are  increased  in  effectiveness  by  the 
addition  of  dalapon  but  less  response  is  shown  with  the  higher  rates  of  Asulox.   This  is  especially  true 
with  the  2  and  3  quart  per  acre  application. 

Fall  application  followed  by  spring  application  does  not  give  sufficient  increase  in  yield  of 
sugarcane  to  justify  the  fall  application  (Table  9).   The  spring  application  alone  at  the  higher  rates 
was  as  effective  as  the  fall  and  spring  application.   Previous  work  showed  that  fall  application  was  not 
effective  in  controlling  johnsongrass . 
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CONTROLLING  BROWNTOP  PANICUM  IN  SUGARCANEi-' 


1/ 


R.  W.  Millhollon 

Agricultural  Research  Service,  USDA 

Houma,  Louisiana  70361 

ABSTRACT 

Browntop  panicum  (Panicum  fasiculatum  Swartz.)  became  a  problem  in  Louisiana  sugarcane  for  the 
first  time  about  1971  because  it  was  not  controlled  by  the  widely  used  herbicide  terbacil  (3-tert- 
butyl-5-chloro-6-methyluracil).   The  control  by  several  herbicides  evaluated  as  preemergence  treatments 
were:   fenac  C(2,3,6-trichlorophenyl)acetic  acidj  at  1,  2,  and  4  lb/A  -  74%,  99%,  and  100%,  respectively; 
soil-incorporated  trifluralin  (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p_-toluidine)  at  2  lb/ A  -  74%; 
metribuzin  f4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5 (4H)-one]  at  2  lb/A  -  35%;  tebuthiuron  (N- 
j_5-(l,l-dimethylethyl)-l,3,4-thiadiazol-2-y^-N,N'-dimethylurea)  at  2  lb/A  -  49%;  and  terbacil  at  1.6 
and  3.2  lb/A  -  9%  and  29%,  respectively.   Fenac  at  1.8  lb/A  applied  on  a  30-in.  band  over  sugarcane  in 
spring  and  broadcast  at  lay-by,  with  routine  cultivation,  controlled  browntop  panicum  almost  perfectly 
for  the  entire  growing  season.   Browntop  panicum  10  to  12  in.  tall  was  also  effectively  controlled  by 
foliar  applications  of  dalapon  (2,2-dichloropriopionic  acid)  at  2.4  and  3.4  lb/ A;  MSMA  (monosodium 
methanearsonate)  at  2  lb/A;  and  ametryn  £j-(ethylamino)-4-(isopropylamino)-6-(methylthio)-£-triazine] 
at  2.5  and  3.5  lb/A.   Asulam  (methyl  sulfanilylcarbamate)  at  3  and  4  lb/A  stunted  plants  but  did  not 
kill  them.   Uncontrolled  browntop  panicum  that  developed  only  sparsely  on  the  sugarcane  drill  in  spring, 
but  profusely  after  lay-by,  reduced  the  yield  of  cane/A  for  CP  61-37  sugarcane  only  by  about  6%  as 
compared  to  a  hand -weeded  check. 

INTRODUCTION 

Heavy  infestation  of  browntop  panicum  first  appeared  in  Louisiana  sugarcane  about  1971.   It  had 
been  part  of  the  weed  flora  in  sugarcane  but  previously  had  not  been  economically  important.   Investi- 
gation showed  that  heavily  infested  fields  had  been  treated  repeatedly  over  several  years  with  terbacil, 
a  herbicide  widely  used  in  Louisiana  sugarcane.   Terbacil  controls  johnsongrass  [Sorghum  halepense 
(L.)  PersJ  from  seed  and  almost  all  other  annual  grass  and  broadleaved  weeds  in  sugarcane,  but  obviously 
was  not  controlling  browntop  panicum. 

Browntop  panicum  is  a  tropical  grass  that  occurs  in  moist  open  ground,  often  as  a  weed  of  fields, 
in  the  southernmost  parts  of  the  United  States  and  at  low  elevations  in  tropical  America  (4).   In 
Louisiana  sugarcane,  infestations  occur  in  summer  after  planting,  in  spring,  and  in  summer  after  lay-by. 
It  reproduces  only  by  seed,  but  many  seed  are  produced  in  summer  and  autumn.   It  is  easily  identified 
when  in  flower  by  the  large  brown  panicles  (seed  heads). 

In  irrigated  cotton  in  Arizona,  browntop  panicum  [yar.  reticulatum  (Torr.)  Beal]  has  been  controlled 
with  several  soil-incorporated  dinitroanaline  herbicides  including  trifluralin.   Control  was  also  achieved 
with  soil-incorporated  bensulide  [5,0_-diisopropyl  phosphorodithioate  S.-ester  with  N-(2-mercaptoethyl) 
benzenesulfonamidej  (2,3). 

In  this  study  I  evaluated  several  herbicides  for  preemergence  and  postemergence  control  of  browntop 
panicum. 

MATERIALS  AND  METHODS 

Herbicide  treatments  for  the  preemergence  and  postemergence  control  of  browntop  panicum  were 
evaluated  in  CP  61-37  sugarcane  on  silty  clay  loam  near  Mathews,  Louisiana.   Commercial  formulations 
of  herbicides  were  applied  in  water  at  40  gal/A  to  plots  3  beds  wide  (18  ft)  by  45  ft  long.   The  ex- 
perimental  design  in  each  experiment  was  a  randomized  complete  block  with  3  or  6  replications  for  primary 
evaluation  studies  and  6  replications  for  secondary  evaluation  studies. 

Primary  evaluation  studies  were  conducted  in  duplicate  experiments  during  1973  and  1974.   The  herbi- 
cides terbacil  at  1.6  and  3.2  lb/A;  fenac  at  1,  2,  and  4  lb/A;  trifluralin  at  2  lb/A  (incorporated  into 
soil  with  a  rolling  cultivator  in  one  experiment  and  covered  with  0.5  in.  of  soil  to  simulate  incorpora- 
tion in  the  other);  metribuzin  at  2  lb/A;  and  tebuthiuron  at  2  lb/A  were  applied  in  March  in  a  36-in. 
band  over  the  sugarcane  drill.   Weed  control  was  rated  in  late  May. 

Secondary  evaluation  studies  for  preemergence  control  were  conducted  in  duplicate  experiments  in 
2nd-  and  3rd-ratoon  sugarcane  during  1975  and  1976.   Fenac  at  1.8  or  4.5  lb/A  or  a  mixture  of  fenac  at 
1.8  lb/A  and  terbacil  at  2.4  lb/A  were  applied  in  a  30-in.  band  over  the  sugarcane  drill  on  top  of  the 
bed  in  March.   The  sides  of  the  bed  were  cultivated  as  needed  to  control  weeds.   In  some  plots,  fenac 


—  A  contribution  from  ARS,  USDA  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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at  1.8  lb/A  was  applied  broadcast  to  the  bed  and  water  furrow  after  the  last  cultivation  (lay-by)  in  May. 
Weed  control  was  rated  in  late  May  before  lay-by  and  in  late  July.   Sugarcane  plots  were  harvested 
mechanically  in  October  and  weighed.   A  20-stalk  sample  from  each  plot  was  crushed  in  a  sugarcane- 
sample  mill  to  extract  the  juice,  and  the  juice  was  analyzed  by  polarimetry  for  its  sucrose  content.  We 
used  yield  of  cane  and  sugar  as  a  quantitative  measure  of  the  efficiency  of  treatments  in  controlling 
browntop  panicum. 

Primary  evaluation  studies  for  postemergence  control  were  conducted  in  1  experiment  during  1974. 
The  herbicides  asulam  at  3  and  4  lb/A,  dalapon  at  2.3  and  3.4  lb/A,  MSMA  at  2  lb/A,  and  ametryn  at  2.5 
and  3.5  lb/A  were  applied  on  May  13  over  browntop  panicum  10  to  12  in.  tall  growing  on  the  sides  of 
sugarcane  beds.   A  commercially  blended  nonionic  surfactant — mixture  of  alkylaryl  polyoxyethylene  glycols, 
free  fatty  acids,  and  isopropanol — was  added  to  water-herbicide  mixtures  at  0.25%  v/v  for  asulam,  dalapon, 
and  MSMA  and  at  0.5%  v/v  for  ametryn.   Browntop  panicum  control  was  rated  60  days  after  treatment. 

RESULTS  AND  DISCUSSION 

As  anticipated,  terbacil  did  not  provide  effective  preemergence  control  of  browntop  panicum  (Table  1). 
Metribuzin  and  tebuthiuron,  other  herbicides  that  also  kill  weeds  by  inhibiting  photosynthesis,  also 
did  not  control  browntop  panicum  effectively.   Trifluralin  gave  74%  control,  and  fenac  at  1,  2,  and  4  lb/A 
gave  74%,  99%,  and  100%  control,  respectively.   Fenac  was  the  most  effective  herbicide  tested. 


Table  1. 

Control 

of 

browntop 

panicum 

with 

herbic 

ides  applied 

to 

soil 

before 

seedling 

emergence 

Herbicide 

(lb/A) 

% 

control 

Terbacil 

Terbacil 

Metribuzin 

Tebuthiuron 

Trifluralin!' 

Fenac 

Fenac 

Fenac 


1.0 
2.0 
4.0 


9 
29 
35 
49 
74 
74 
99 
100 


1/ 


Incorporated  into  soil  at  application. 


In  the  secondary  evaluation  studies  in  ratoon  sugarcane,  heavy  browntop  panicum  infestations  did 
not  develop  on  the  sugarcane  drill  in  the  spring  as  shown  by  the  75%  area  that  was  free  of  panicum  in 
the  untreated  check  (Table  2).   The  soil  on  top  of  the  bed  is  essentially  unfilled  and  becomes  hard- 
packed  in  the  ratoon  crops.   Such  soil  probably  did  not  provide  a  suitable  seed  bed  for  germination 
because  browntop  panicum  seed  germinated  profusely  on  the  cultivated  sides  of  beds.   Seed  did  germinate 
on  top  of  the  bed  after  lay-by,  probaMy  because  soil  was  thrown  there  during  the  lay-by  cultivation. 


Table  2.   Control  of  browntop  panicum  and  yield  of  CP  61-37  sugarcane  as  influenced  by  fenac  treatments 
(average  of  2  experiments). 


Herbicide  treatment^' 


1/ 


Spring 
(lb/A) 


Lay-by 
(lb/A) 


%  of  area  free  of 


On  drill 
before 
lay-by 


panicum 


Whole  row 
after 
lay-by 


Sugarcane  Yield- 


2/ 


Sugar/ ton 
Cane/A   of  cane   Sugar/A 
(ton)      (lb)      (lb) 


Fenac  - 
Fenac  - 
Fenac  - 
Fenac  - 
(Fenac 


1.8 
1.8 
4.5 
4.5 
-  1.8 


+  terbacil 
(Fenac  -  l.£ 

+  terbacil 
Hand-weeded 
Hand-weeded 
Untreated 


+  None 

+  Fenac  -  1.8 

+  None 

+  Fenac  -  1.8 

-2.4)  +  None 

-2.4)  +  Fenac  -  1. 
+  None 

+  Hand-weeded 
+  Untreated 


95 
95 
98 
95 

95 

95 
100 
100 

75 


0 
100 

0 
100 

0 

100 
0 

100 
0 


31  be 

175  a 

5429  a 

32  c 

175  a 

5666  a 

31  be 

176  a 

5459  a 

32  c 

170  a 

5451  a 

30  ab 

31  be 
31  be 
31  be 
29  a 


174  a 

174  a 
171  a 
177  a 

175  a 


—' Herbicides  applied  on  a  30-inch  band  in  spring  and  broadcast  at  lay-by. 


5292  a 


5388 
5364 
5469 
5108 


2/ 


Means  followed  by  the  same  letter  are  not  significantly  different  at  the  5%  level  of  probability  as 
determined  by  the  Duncan's  multiple  range  test. 
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The  browntop  panicum  infestation  in  the  untreated  che 
herbicide  treatments  and  the  hand-weeded  checks  (Table  2). 
and  the  yields  of  sugar/ton  of  cane  and  sugar/A  were  not  s 
The  average  yield  of  31  tons/A  for  all  treatments  in  the  s 
and  3rd-ratoon  sugarcane  that  had  been  infested  with  brown 
a  relationship  shows  that  browntop  panicum  is  only  moderat 
sugarcane  cultivar  such  as  CP  61-37,  and  not  in  the  same  c 
a  similar  period  of  time  severely  reduces  stands  and  yield 
doubtless  would  have  been  more  competitive  and  reduced  yie 
on  the  sugarcane  drill  in  early  spring  when  sugarcane  was 


ck  reduced  yield  of  cane/A  below  that  of  most 

However,  the  decrease  was  only  about  6%, 
ignificantly  different  from  other  treatments, 
tudy  was  higher  than  that  expected  from  2nd- 
top  panicum  from  the  time  of  planting.   Such 
ely  competitive  with  a  relatively  vigorous 
lass  as  johnsongrass  or  itchgrass  which  in 

of  sugarcane  (5,  6).   Browntop  panicum 
Ids  more  if  heavy  infestations  had  developed 
becoming  established. 


Browntop  panicum  was  controlled  almost  perfectly  during  the  growing  season  by  spring  and  lay-by 
applications  of  fenac  at  1.8  lb/A  either  applied  alone  or  in  a  mixture  with  terbacil  (Table  2).   Fenac 
at  3.6  to  4.5  lb/A  controls  johnsongrass  from  seed  but  fenac  at  1.8  lb/A  probably  would  not  provide 
effective  control  in  combined  johnsongrass  and  browntop  panicum  infestations  unless  mixed  with  terbacil. 

Dalapon,  MSMA,  and  ametryn  provided  effective  postemergence  control  of  10-  to  12-in  browntop 
panicum  but  asulam  was  not  effective  (Table  3).   I  observed  that  asulam  killed  3-in.  plants  but  only 
stunted  the  larger  ones.   Other  research  has  shown  that  asulam  will  control  large  browntop  panicum  if 
applied  in  a  mixture  with  ioxynil  (4-hydroxy-3,5-diiodobenzonitrile) ,  2,4-D  C2,4-dichlorophenoxy) 
acetic  acidj,  and  a  nonionic  surfactant  (1). 


Table  3.   Control  of  browntop  panicum  about  12-in  tall  with  herbicides  applied  to  the  foliage. 

%  control  


Herbicidei' 
(lb /A) 


Asulam 

-  3.0 

Asulam 

-  4.0 

Dalapon 

-  2.3 

Dalapon 

-  3.4 

MSMA 

-  2.0 

Ametryn 

-  2.5 

Ametryn 

-  3.5 

15 
20 
92 
97 
98 
90 
100 


—  Mixed  with  a  nonionic  surfactant. 
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THE  SUSCEPTIBILITY  OF  FLORIDA  SUGARCANE  RATS  TO  DIPHACINONE 
R.  C.  Ostrowski  ,  R.  E.  Nease1,  and  R.  L.  Lipsey2 

ABSTRACT 

The  three  rat  species  prominent  in  Florida  sugarcane  damage  were  cage  tested  to  determine  their 
acceptance  to  and  mortality  from  the  consumption  of  a  pelleted  bait.   The  Cotton  (Sigmodon  sp.),  Roof 
(R.  rattus)  and  Rice  (Oryzomys  sp.)  rats  were  susceptible  to  poisoning  by  the  anticoagulant  Diphacinone 
when  it  was  presented  in  a  commercial  pellet  RAMIK.   The  Environmental  Protection  Agency  standards  of 
30  percent  acceptance  and  90  percent  mortality  were  surpassed  by  all  three  species  when  they  were  exposed 
to  the  choice  of  the  pellet  or  a  challenge  bait.   Preliminary  field  evaluations  of  a  commercial  aerial 
application  of  these  rodenticide  pellets  in  the  ditch-bank  areas  indicate  that  the  application  technique 
and  material  show  promise  as  a  rat-control  method. 

INTRODUCTION 

Sugarcane  losses  from  rat  damage  were  estimated  for  the  1969-70  Florida  crop  at  one  million  dollars 
(Samol) .   Current  estimates  are  not  available;  however,  old  estimates  should  at  least  be  inflated  to 
embrace  present  costs  and  values.   The  four  rat  species  that  are  known  to  damage  Florida  sugarcane  are: 
the  cotton  rat,  Sigmodon  hispidus;  the  rice  rat,  Oryzomys  palustris;  the  roof  rat,  Rattus  rattus,  and  the 
Florida  water  rat,  Neofiber  alleni.   The  cotton  and  roof  rats  are  the  predominant  species. 

While  much  is  to  be  learned  regarding  the  habits  and  population  dynamics  of  these  pests,  the 
following  generalizations  seem  valid.   The  Florida  rat  (Everglades  water  rat,  round-tailed  muskrat) 
apparently  spends  considerable  time  below  the  ground  line;  a  probable  romance  with  the  lake  and 
irrigation  water  table.   While  their  colony-like  burrows  can  be  found  in  the  ditchbank  area,  it  is  more 
usual  to  recognize  their  presence  by  a  cleared  circular  area  within  the  cane  field  as  a  result  of  cane 
death  through  root  pruning  and  crown  damage.   Obviously,  the  subterranean  habits  of  this  pest  should  render 
ineffective  any  surface  broadcast  application  of  a  rodenticide.   The  roof,  cotton,  and  rice  rats  are  known 
to  inhabit  the  ditchbank  areas  and  forage  into  the  cane  field  under  the  cover  of  darkness  when  the  cane 
has  attained  sufficient  size  and  sugar  content.   In  the  field,  burrowing  may  occur  and  excavation  of 
vacated  tunnels  of  predecessors.  Major  food  sources,  however,  are  known  to  be  in  the  ditchbank  area. 

MATERIALS  AND  METHODS3 

RAMIK^-'Rodenticide  is  a  grain  based  extruded  pellet  that  exhibits  the  degree  of  weatherability 
necessary  for  its  candidacy  as  an  outdoor  broadcast  material.   It's  active  ingredient,  diphacinone,  is 
incorporated  at  0.005%  (50  ppm) . 

Full  EPA  protocols  for  standard  laboratory  evaluation  were  conducted  on  the  three  ditchbank  inhabiting 
rat  species,  roof,  cotton,  and  rice  rats. 

Standard  EPA  protocols  require  90%  or  greater  animal  mortality  and  at  least  33%  acceptance  of  the 
test  bait  over  a  standard  challenge  bait  whose  positions  are  alternated  daily  in  the  cage.  Wild  rats, 
10  male  and  10  female  of  each  species,  were  acclimatized  by  a  10-day  holding  period  and  fed  test  bait 
for  a  miximum  of  15  days.   A  control  group  was  maintained  throughout  the  test  period.   This  group  had  a 
100%  survival  rate.   Evaluation  results  are  based  on  product  performance  against  the  grouped  data  averages. 

Population  counts  before  and  after  commercial  aerial  application  were  also  conducted  in  1975  on 
ditchbank  areas  surrounding  the  sugarcane  fields. 

RESULTS 

Cage.   The  RAMIK^Rodenticide  Green  pellet  (fish  flavored)  was  used  primarily  in  all  tests.   The  roof 
rat  (Table  1)  attained  90%  mortality  in  about  9  days.   Some  rats  died  on  the  3rd  and  4th  day  with  an 
average  of  about  7  days  for  the  group. 

Only  7  rice  rats  had  been  trapped  during  the  test  period  at  the  Belle  Glade  Agriculture  Research 
Center.   However,  there  was  71%  acceptance,  90%  mortality  was  reached  in  8.3  days,  and  the  average  number 
of  days  to  death  was  6.   There  is  no  question  that  the  duplication  of  these  results  for  a  full  protocol 
test  will  be  easily  attained. 
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Table  1.   Results  with  the  roof  rats  from  experiments  with  Ramik  Green 
Sex  No.  Acceptance*  (%) 


90% 
mortality  (days) 


Ave. 
death  (days) 


10 
10 


32 
38.6 


9 
8.6 


6.8 
6.7 


*Versus  challenge  bait. 

As  indicated  in  Table  2,  the  cotton  rat  readily  consumes  the  RAMIK®  Rodenticide  Green  pellet.   These 
excellent  data  indicate  that  a  4-5  day  feeding  period  will  result  in  the  minimum  90%  mortality  in  7  days 
with  an  average  death  within  the  group  in  6  days.   RAMIK®  Rodenticide  Brown,  apple  flavored,  did  almost 
as  well  (Table  3). 


Table  2.   Results  with  the  cotton  rat  from  experiments  with  Ramik  Green 
Sex  No.  Acceptance*  (%) 


90% 
mortality  (days) 


Ave. 
death  (days) 


9 
11 


86.5 
81.4 


6.0 

6.0 


*Versus  challenge  bait. 


Table  3.   Results  with  the  cotton  rat  from  experiments  with  Ramik  Brown 
Sex  No.  Acceptance*  (%) 


90% 
mortality  (days) 


Ave. 
death  (days) 


10 
10 


50.7 
65.0 


6.3 
6.3 


*Versus  challenge  bait. 


Field.   Preliminary  field  observations  were  made  in  2  plantation  locations  where  commercial  aerial 
applications  were  used  to  cover  the  ditchbank  areas.   Pretreatment  counts  (the  2  nights  preceding 
application)  were  made  with  live  traps  to  ascertain  1)  if  population  size  warranted  treatment,  2)  species 
and  their  ratios,  and  3)  population  imbalances  between  treatment  and  check  areas. 

Traps  were  baited  with  fresh  apple  wedges  covered  with  peanut  butter.   One  week  after  treatment  rat 
traps  were  again  set  for  2  nights. 

Overall,  a  55%  pretreatment  trap  occupancy  was  obtained.   In  location  A  a  62.5%  occupancy  was  reduced 
after  treatment  to  21%,  netting  a  66.5%  reduction  in  population. 

In  location  B  where  a  post-treatment  check  area  was  maintained,  the  high  trap  occupancy  did  not 
diminish,  showing  the  good  correlation  in  treatment  effect  where  a  62.0%  reduction  in  population  occurred. 
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BAGASSE  CONVEYING 

William  M.  Jacobse  Rosier 

Rio  Grande  Valley  Sugar  Growers 

Santa  Rosa,  Texas 

ABSTRACT 

Instead  of  the  conventional  way  of  transporting  bagasse  from  the  mills  to  the  boilers  with  slat-type 
carriers  and  dumping  excess  bagasse  in  the  bagasse  room,  the  factory  transports  bagasse  straight  from 
the  mills  to  the  bagasse  room  with  one  slat  conveyor  and  two  five-foot-wide  rubber-belt  conveyors. 
About  60  to  80  percent  of  this  bagasse  is  dumped  in  a  pit,  from  which  a  slat-type  conveyor  system 
supplies  the  bagasse  to  the  boilers.   Any  excess  bagasse  from  this  system  is  returned  to  the  bagasse 
house.   The  remaining  20  to  40  percent  of  the  bagasse  on  the  rubber  belt  conveyor  is  stored  in  the 
bagasse  house  from  which  two  payloaders  also  supply  the  pit  of  the  slat  carrier.   This  system  has  not 
worked  satisfactorily  yet  because  there  have  been  extensive  break-downs  on  the  slat  carriers. 

The  major  problem  has  been  the  carrier  supply  to  the  boilers.   The  carrier  is  designed  in  such  a 
way  that  it  has  two  decks  and,  thus,  carries  full  loads  going  in  both  directions:   the  upper  deck,  to 
transport  the  bagasse  to  the  other  end  of  the  carrier;  and  the  lower  deck,  to  supply  the  bagasse 
feeders  of  the  two  Riley  and  the  two  Bigelow  boilers.   The  belt  conveyors  are  not  experiencing  trouble, 
except  that  they  plug  up,  from  time  to  time,  mainly  due  to  high  cane  fiber,  high  bagasse  moisture,  or 
full  bagasse  house  (plugged  up  chutes  on  the  belt). 

The  ploughs,  which  regulate  the  amount  of  bagasse  to  the  return  conveyor,  do  not  work  as  they  should, 
yet.   During  start-ups  or  mill  stops,  three  front-end  loaders  in  the  bagasse  house  keep  the  pit  full  and, 
thus,  insure  a  steady  bagasse  supply  to  the  boilers.   Specific  operational  experiences  are  described. 
A  complete  reconditioning  of  the  bagasse-feeder  conveyor  is  on  the  firm's  program  for  this  "off  season," 
as  well  as  extensive  repairs  and  modifications  of  the  other  conveyors  to  ensure  a  better  service  for 
next  crop. 


Last  year  we  introduced  a  new  feature  in  the  bagasse  conveying  system  in  the  fire  room  of  the  Rio 
Grande  Valley  Sugar  Grower's  Plant,  in  Santa  Rosa,  Texas.   Instead  of  the  conventional  way  of  transport- 
ing bagasse  from  the  mills  to  the  boilers  with  slat  type  carriers  and  dumping  excess  bagasse  in  the 
bagasse  room,  we  transport  our  bagasse  straight  from  the  mills  to  the  bagasse  room  with  one  slat  conveyor 
and  two  5-foot-wide  rubber  belt  conveyors,  (B.C.  1,  2,  and  3).   About  60-80%  of  this  bagasse  is  dumped  in 
a  pit  from  which  a  slat  type  conveyor  system  (B.C.  4,  5,  and  6)  supplies  the  bagasse  to  the  boilers.   Any 
excess  bagasse  from  this  system  is  returned  to  the  bagasse  house.   The  remaining  20-40%  of  the  bagasse 
on  the  rubber  belt  conveyor,  B.C.  3,  is  stored  in  the  bagasse  house  from  which  two  payloaders  also  supply 
the  pit  of  the  slat  carrier,  B.C.  4.   This  system  has  not  worked  satisfactorily  yet,  as  we  have  exper- 
ienced extensive  break-downs  on  the  slat  carriers. 

The  major  problem  has  been  the  carrier  supplying  the  boilers,  B.C.  6.   This  carrier  is  designed 
in  such  a  way  that  it  has  two  decks  and  thus  carries  full  loads  going  in  both  directions,  the  upper 
deck  to  transport  the  bagasse  to  the  other  end  of  the  carrier  and  the  lower  deck  to  supply  the  bagasse 
feeders  of  the  two  Riley  and  the  two  Bigelow  boilers. 

This  double  load  has  caused  tremendous  strains  on  the  carrier,  resulting  in  worn  carrier  chains  and 
sprockets,  broken  tail  shafts  and  bearings,  and  plenty  of  headaches  and  nightmares  as  well  as  downtime 
overtime  for  repairs  and  high  material  and  labor  costs. 

Also,  the  return  carrier  in  the  pit,  B.C.  4,  has  its  bugs  as  it  is  not  possible  to  check  the  tail 
shaft  in  the  pit  and  to  lubricate  the  bearings  during  operation.   Spillage  of  bagasse  and  dust  covers 
the  tail-end  assembly  completely,  making  it  necessary  to  dig  everything  out  during  scheduled  stops. 

Tramp  iron  and  broken  slats  were  other  causes  of  concern.   They  broke  slats  in  this  carrier  and 
were  the  cause  of  a  broken  tail  shaft  bearing  and  consequently  broken  carrier  chains  on  one  occasion. 
Tramp  iron  caused  the  carrier  chain  to  jump  the  sprockets  on  another  occasion. 

The  belt  conveyor,  B.C.  2  and  B.C.  3,  are  not  giving  us  any  trouble  whatsoever,  except  that  they 
plug  up  once  in  a  while,  mainly  due  to  high  cane  fiber,  high  bagasse  moisture,  or  full  bagasse  house 
(plugged  up  chutes  on  the  belt). 

The  plough,  which  regulates  the  amount  of  bagasse  to  the  return  conveyor,  does  not  work  yet  as  it 
should.   The  plough  is  supposed  to  open  automatically  when  bagasse  piles  up  in  front  of  it  and  close 
after  the  pile  moves  on.   A  counter-weight  on  a  cable  holds  the  plough  in  place.   There  is  also  a 
pin-device  made  of  a  2"  steel  pipe  which  is  adjustable  to  regulate  the  smaller  or  greater  opening  of 
the  plough  which  in  turn  gives  more  or  less  bagasse  to  the  return  conveyor.  We  are  not  able  to  properly 
regulate  the  bagasse  flow,  though,  and  are  still  experimenting  with  different  set-ups  in  this  system. 
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During  start-ups  or  mill  stops  three  front-end  loaders  in  the  bagasse  house  keep  the  pit  full  and 
thus  insure  a  steady  bagasse  supply  to  the  boilers.   This,  as  one  can  see,  is  rather  difficult  as  the 
loaders  are  either  overloading  or  underloading  the  carriers  and  they  also  have  to  be  taken  out  of  service 
regularly  due  to  plugged-up  radiators,  air  filters,  overheating  engines,  leaking  hydraulics,  etc. 

We  have  a  complete  reconditioning  of  the  bagasse  feeder  conveyor,  B.C.  6,  on  our  program  for  this 
off  season  as  well  as  extensive  repairs  and  modifications  of  the  other  conveyors  to  ensure  a  better  service 
for  the  next  crop. 
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PRE-DRYING  BAGASSE  USING  FLUE  GASES 

J.  H.  Farines 
Atlantic  Sugar  Assoc. 
Belle  Glade,  Florida 


ABSTRACT 


Data  obtained  during  the  1975-76  grinding  season  at  Atlantic  Sugar  factory  with  pre-dryer  bagasse 
using  flue  gases  lead  to  general  conclusions  of  fuel  savings  as  a  result  of  an  improved  value  of 
bagasse. 


It  is  indeed  a  pleasure  to  present  to  you  a  subject  that  is  or  should  be  of  utmost  interest  to  all 
those  in  the  cane  sugar  industry:   Lowering  moisture  content  in  bagasse  to  improve  it  as  a  fuel.   I  am 
sure  that  most  of  the  engineers  handling  cane  sugar  factories  have  given  some  thought  to  this  problem. 

I  spent  my  first  17  professional  years  in  Cuba's  sugar  industry.   During  that  time  I  worked  or 
visited  more  than  100  factories,  and  it  can  be  safely  stated  that  burning  oil  or  any  other  auxiliary 
fuel  in  any  of  them  was  considered  a  sin.   Developing  the  proper  steam  balance  was  a  major  task  in  our 
responsibilities,  and  it  was  easily  attainable.   We  all  know  that  bagasse  moisture  in  Cuban  mills  was 
always  in  the  range  of  47  to  48%,  mainly  because  of  very  clean  cane  and  relatively  low  grinding  speed. 
Facing  this  fact  was  hard  at  the  beginning,  but  eventually  we  learned  to  live  with  it  because  any  project 
to  extract  more  moisture  from  bagasse  was  not  economically  sound. 

Louisiana,  because  of  harvesting  characteristics,  averages  moisture  from  49  to  52%  and  more  in 
some  cases.   Florida,  because  of  higher  speeds,  and  the  presence  of  muck  during  harvesting,  has  a  moisture 
content  of  52  to  56%. 

During  the  fuel-crisis  of  1972-73,  we  were  asked  by  Atlantic  Sugar  Association  to  prepare  a 
feasibility  study  to  pre-dry  bagasse  with  waste  stack  gases.   Under  present  conditions,  the  sugarcane 
bagasse  leaving  the  milling  tandem  at  Atlantic  has  relatively  high  moisture  content,  in  the  order  of 
53  to  55%.   Bagasse  constitutes  a  reasonably  good  waste  fuel  as  long  as  its  moisture  content  is 
around  50%  or  lower.   However,  as  the  moisture  content  of  the  bagasse  increases  its  heating  value  is 
reduced  and  boiler  efficiency  substantially  curtailed. 

During  our  study  we  contacted  different  manufacturers  of  equipment  designed  to  dry  refuse  similar 
to  bagasse.   We  were  highly  impressed  by  the  equipment  for  drying  bagasse  at  the  basse  pelleting  plant 
at  Clewiston,  Fla.   The  manufacturers  of  this  dryer  (Vincent  Processes  of  Tampa),  indicated  their 
capability  of  designing  the  proper  units  and  willingness  to  guarantee  their  performance. 

Vincent  Processes  furnished  prices  for  a  3  rotary-drum  type  dryers  of  maximum  capacity  to  operate 
with  existing  boilers  based  on  flue  gases  temperature  of  425  F.  According  to  Vincent  Processes,  these 
3  dryers  could  handle  all  the  bagasse  produced  by  a  daily  grinding  rate  of  8000  tons  of  cane  and  lower 
the  moisture  content  from  54%  to  46%,  provided  the  gases  had  a  temperature  of  425  F  or  more. 

We  designed  the  system  of  diverting  the  bagasse  to  go  to  the  dryers  and  returning  to  be  fed  to  the 
boilers  with  the  original  installation.  Similarly,  the  gases  were  by-passed  to  go  to  the  dryers  and 
back  to  the  I.D.  fan  and  stack.  The  results  of  our  report  was  that  the  fuel  consumption  at  Atlantic 
Sugar  could  be  dropped  from  around  1.6  gal  per  ton  of  cane  for  the  last  2  years  to  about  .5,  and  maybe 
as  low  as  .25.  Saving  of  only  1  gal  per  ton  in  a  grinding  season  of  900,000  tons  at  todays  price  of 
over  30  cents  per  gallon  is  a  saving  of  at  least  $270,000.  Considering  maintenance  and  repair  it  is 
safe  to  predict  a  payback  of  5  years  on  the  required  investment. 

The  project  was  approved  and  last  grinding  season  Atlantic  Sugar  started  the  first  commercial 
bagasse  dryers  using  stack  flue  gases.   As  is  usually  the  case  on  a  new  installation,  we  encountered 
many  problems,  some  expected,  some  not.   These  included  the  following: 

1)  The  rainy  season  delayed  the  final  installation. 

2)  The  valves  to  by-pass  the  flue  gases  were  of  poor  quality  and  did  not  operate  to  expectation. 
New  valves  had  to  be  re-designed  and  prepared  to  be  installed  during  the  Christmas  shutdown. 
However,  the  original  valves  could  be  operated  enough  to  run  tests  of  8  to  10  hours  on  one 
boiler,  obtaining  very  satisfactory  results,  proving  we  were  on  the  right  track.   The  by-passing 
of  the  bagasse  worked  so  well  that  it  never  caused  one  minute  of  lost  time.   Once  the  new 
by-pass  valves  were  installed  during  Christmas  shutdown  we  were  able  to  operate  two  boiler- 
dryers  on  a  continuous  basis  for  many  days  at  a  time. 

3)  Another  major  problem  which  developed  from  the  beginning  was  that  the  I.D.  fan  of  one  of  the 
boilers  did  not  develop  the  required  pressure  drop,  and  therefore  was  not  able  to  operate  all 
season.   The  other  two  were  continuously  troubled  by  the  testing  of  the  also  newly  installed 
wet  scrubbers. 
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We  were  very  concerned  about  possible  air  leaks  in  the  system,  especially  at  the  inlet  of  the 
bagasse  discharge.   However,  the  results  indicated  that  this  type  of  problem  was  very  insig- 
nificant. .       , 
The  discharge  valve  did  give  a  lot  of  trouble,  but  it  was  finally  overcome,  and  its  performance 

was  very  satisfactory  afterwards. 

There  were  chocking  problems  on  the  feeder  and  discharge  screws,  the  first  mainly  because  or 

tramp  iron  entering  with  the  bagasse,  the  latter  due  to  poor  workmanship  of  the  scroll  and 

bearings  as  well  as  the  already  mentioned  discharge  valve.   All  of  these  problems  were  corrected, 

and  the  equipment  eventually  worked  smoothly. 

During  the  first  few  days  of  operation  we  had  a  fire  in  one  dryer,  but  the  only  cause  was  the 

already  mentioned  discharge  screw  chokes,  combined  with  the  poor  operation  of  the  by-pass  flue 

gas  valves.   The  bagasse  feed  had  to  be  shut  down,  and  hot  gases  kept  circulating  through  the 

dryer   lowering  the  moisture  content  of  the  bagasse  in  the  system  to  self -ignition  point.   We 

installed  low  pressure  steam  access  to  each  dryer  to  prevent  future  problems,  but  never  really 

had  to  use  it.  .  1 

Once  the  operation  was  continuous,  the  prevailing  winds  blew  away  the  best  fine  dry  particles. 
Proper  covers  and  dampers  diminished  this  problem  tremendously. 

One  unexpected  asset  to  the  system  was  that  during  small  mill  stops  like  chokes  or  empty  runs  the 
boilers  were  not  affected  because  the  bagasse  kept  coming  from  the  dryers,  which  have  a  retaining  effect 
of  10  to  15  minutes. 


4) 

5) 
6) 

7) 
8) 


Since  we  have  a  limited  time,  I 
operation  of  the  dryers: 


lid  like  to  present  in  chronological  order  the  performance  and 


Nov.  19  to  Dec.  26: 


One  unit-non  operative  because  of  fan  capacity;  two  units  limited  because  of  damper 
operations.   This  period  was  used  to  correct  other  problems  and  make  a  lot  of  experimental  runs, 
correction  of  the  discharge  valve  arrangement,  improvement  on  feed  and  discharge  screws,  installation  of 
safety  devices  in  case  of  fires,  and  generally  doing  day-by-day  observations  which  gave  us  the  necessary 
experience  for  controls  and  operation  guidance. 

Dec  26  to  Jan  2nd:   During  the  holiday  shutdown  of  Dec.  24th  and  25th  the  by-pass  flue  gas  valves  were 
changed  for  the  newly  built  ones.   From  start  up  again  on  Dec.  26  to  Jan  2nd,  we  made  a  few  short  runs 
and  got  the  new  dampers  to  operate  with  ease. 

Jan  3rd  to  Feb.  25:   On  Jan  3rd  we  were  able  to  obtain  perfection,  having  run  for  24  hours  not  using  any 
auxiliary  fuel.   From  then  on,  we  had  many  days  of  insignificant  fuel  consumption  readings  like  400,  700, 
500   etc.  which  is  .05  gal/ton  or  less.   However,  during  this  period  we  were  confronted  with  problems  in 
passing  the  compliance  tests  of  the  different  boiler  with  the  newly  installed  wet  scrubbers,  and  the  use 
of  the  dryers  was  not  100%  because  the  tests  were  required  without  the  dryers.   In  spite  of  this  handicap, 
and  only  having  2  dryers  in  operation,  the  oil  consumption  during  this  period  was  .588  gal/ton  of  cane 
ground . 

Feb.  25  to  end  of  grinding:   From  Feb.  25  to  March  4th,  an  unusual  rainy  season  disrupted  grinding,  and 
it  was  difficult  to  operate  the  dryers  because  of  continuous  shutdown  and  startup. 

Even  with  all  the  hardships  of  the  first  year  of  operation,  the  total  fuel  oil  consumption  of  1976 
was  1.01  gal  per  ton  of  cane  compared  with  an  average  of  1.62  during  the  previous  two  years,  showing  an 
average  saving  of  .61  gal/ton  of  cane.   For  1976  the  grinding  of  892,032  tons  of  cane  showed  a  savings 
of  892,032  x  .61  =  544,140  gal  of  bunker  oil,  which  at  the  price  of  32  cents  per  gallon  represents  a 
total  saving  of  $174,125. 

Now  that  the  first  year  has  gone  by  and  most  of  the  problems  overcome,  we  feel  that  a  projection 
of  .3  gal/ton  of  cane  for  1976-77  is  conservative  and  close  to  our  original  forecast.   We  also  feel 
that  saving  fuel  by  the  proper  drying  of  bagasse  provides  not  only  money  savings  but  also  self- 
sufficiency  in  case  of  another  fuel  crisis. 

We  would  like  to  show  a  short  movie  which  will  give  a  general  idea  of  the  installation  and  operation 
of  the  bagasse-dryers  here  in  described. 

Restriction  of  time  for  this  subject  has  prevented  us  from  giving  more  details  but  we  will  be  glad 
to  answer  any  questions  now  or  privately  after  the  meeting. 
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THE  IMPACT  OF  WASTE-FUEL  DRYING  ON  BOILER  OPERATION, 
INCLUDING  FUTURE  BOILER  DESIGN 

William  P.  Boulet 
New  Orleans,  Louisiana 


ABSTRACT 


Technical  factors  which  impact  boiler  ability  to  use  waste  fuel  efficiently  have  been  evaluated 
for  more  than  60  years.   The  volumetric  efficiency  in  boiler-furnace  operation  and  how  it  affects 
thermal  efficiency  and  optimum  performance  vary  with  varying  mill  conditions.   The  effect  of  waste-fuel 
drying  is  compared  with  other  methods  of  increasing  boiler  efficiency  and  performance.   The  effect 
of  fuel  drying  on  existing  boiler  efficiency  under  various  conditions  at  existing  mills  is  discussed, 
along  with  the  maintenance  of  steam  balance  under  fuel  surpluses.   The  implications  of  the  foregoing 
on  future  boiler  design  and  purchase  are  evaluated. 
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DIFFERENT  APPROACHES  TO  MEETING  STEAM  REQUIREMENTS  IN  A  SUGAR  HOUSE 

Bias  M.  Rodriguez  and  Augusto  M.  Blanchard 
United  States  Sugar  Corporation 
Clewiston,  Florida 


ABSTRACT 

Frequently,  a  sugar  house  is  faced  with  either  a  shortage  of  low  pressure  steam  needed  to  effi- 
ciently perform  its  boiling  house  operation,  a  lack  of  live  steam  required  to  expand  the  capacity  of  the 
main  movers,  or  a  combination  of  both.   In  order  to  meet  these  situations  with  economic  advantages,  the 
following  approaches  are  described:   The  use  of  thermocompressors  to  supplement  the  exhaust  steam, 
instead  of  the  make-up  with  live  steam  through  pressure  reducing  devices.   The  utilization  of  suitable 
heat  exchangers  to  recover  the  sensible  heat  in  excess  condensate  waters  to  partially  replace  the  vapors 
or  exhaust  steam  used  to  bring  raw  cane  juice  up  to  the  boiling  point.   The  operation  of  vacuum  pans  with 
low  pressure  vapors  from  second  effect  evaporators  to  accomplish  further  savings  of  steam. 


INTRODUCTION 

With  the  rising  cost  of  process  steam  in  a  sugar  factory,  for  fuel  as  well  as  for  generating 
equipment,  and  at  a  time  when  new  and  profitable  uses  are  being  found  for  bagasse,  it  becomes  highly 
important  to  strive  for  an  increased  steam  economy. 

As  a  result  of  the  implementation  of  known  techniques,  grinding  capacity  can  be  increased  without 
the  high  capital  expenditures  for  additional  steam  boilers,  and/or  the  need  for  supplemental  fuel  can  be 
reduced. 

Before  illustrating  the  savings  in  process  steam  accomplished  at  Bryant  Sugar  House  with  comparative 
steam  balances,  we  will  briefly  describe  approaches  we  have  taken  in  order  to  successfully  meet  steam 
requirements  while  increasing  our  grinding  capacity  to  up  to  14,000  tons  of  cane  per  day. 


APPROACHES  AND  DISCUSSION 


Thermocompression. 


When  the  amount  of  exhaust  steam  available  for  the  boiling  house  has  to  be  supplemented  by  live 
steam,  as  is  the  case  in  a  well  designed  efficiently  operated  sugar  house,  the  use  of  thermocompression 
can  result  in  live  steam  economy  or  an  increase  in  evaporation  capability. 

The  high  pressure  live  steam,  as  it  passes  through  the  driving  nozzle  of  a  thermocompressor ,  creates 
a  jet  action  that  sucks  in  vapors  from  the  interconnected  evaporation  system.   The  energy  transferred  to 
the  vapors  from  the  live  steam  in  the  diffuser  of  the  thermocompressor  results  in  an  increase  in  tempera- 
ture and  pressure  that  will  make  it  possible  for  the  aspirated  vapors  to  create  evaporation  in  the  juice 
that  it  came  from.   Thus,  the  steam  savings  can  be  considered  equal  to  the  installation  of  an  extra  stage 
whose  evaporating  capacity  is  to  the  extent  of  the  vapors  recompresed. 

The  thermocompressors  station  at  Bryant  Sugar  House  consists  of  five  units  of  two  different  sizes 
for  flexibility  purposes.   These  units  compress  first  evaporation  vapors  from  12  psig  at  244  F  to  the 
exhaust  header  at  22  psig,  the  motive  fluid  being  live  steam  at  360  psig.   The  entrainment  ratio  of  the 
thermocompressors  is  1.33.   The  number  of  units  kept  in  operation  depends  on  the  exhaust  steam  require- 
ments for  the  boiling  house  and  the  availability  of  live  steam. 

Heat  Exchanging. 

In  order  to  bring  the  raw  cane  juice  to  just  above  its  boiling  point,  from  250,000  to  275,000 
B.T.U. 's  per  ton  of  cane  ground  are  needed  in  a  sugar  house.   The  heating  energy  is  usually  obtained  from 
juice  vapors  bled  from  the  evaporation  system  or  from  exhaust  steam. 

In  a  modern  sugar  factory,  when  an  efficient  use  of  steam  for  juice  evaporation  and  sugar  boiling 
has  been  accomplished,  an  excess  amount  of  condensate  waters  develops,  which  is  usually  ditched.   These 
condensate  waters  recovered  in  properly  sealed,  well  insulated  tanks  are  of  good  heating  characteristics. 
By  incorporating  suitable  liquid -to-liquid  heat  exchangers  into  the  juice  heating  system,  the  sensible 
heat  in  condensate  waters  can  be  recovered  to  a  great  extent  at  the  first  stage  of  the  juice  heating. 

At  Bryant  Sugar  House,  two  units  of  2,800  square  feet  of  heating  surface  each  are  utilized.   The 
temperature  of  the  raw  cane  juice  is  raised  from  80-85  F   to  145-150  F,  or  to  about  half  of  the  heating 
requirement.   Approximately  1,500  gallons  of  water  per  minute  at  about  225  F   are  pumped  through  these 
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two  heat  exchangers.   This  is  all  of  the  condensate  waters  from  the  vacuum  pans,  juice  heaters  and 
evaporators  with  the  exception  of  exhaust  steam  condensation  from  first  effect  evaporators,  which  is 
used  as  boilers  feedwater.   The  balance  of  our  juice  heating  requirements  is  obtained  by  using  low 
pressure  vapors  bled  from  second  effect  evaporators  at  3-5  psig. 

Operation  of  Vacuum  Pans  with  Low  Pressure  Vapors. 

Boiling  sugar  with  vapors  from  pre-evaporators  or  first  effect  evaporators  is  a  practice  that 
has  been  carried  out  for  its  steam  economy  throughout  the  sugar  industry  for  many  years. 

In  more  recent  times,  the  use  of  steam  and/or  mechanical  circulators  in  vacuum  pans  is  finding 
widespread  acceptance,  since  a  more  rapid,  uniform  crystal  growth  is  accomplished  with  the  improved 
massecuite  circulation.   Furthermore,  technical  advances  in  the  field  of  instrumentation,  and  their 
adoption  in  sugar  factories,  are  making  it  possible  to  obtain  a  more  continuous,  better  controlled  feed 
of  syrup  and  molasses.   As  a  result,  not  only  the  sugar  boiling  technique  is  improved  and  simplified,  but 
a  uniformity  in  the  demand  from  the  energy  source  is  obtained  for  the  operation  of  vacuum  pans. 

Vacuum  pans  of  improved  design,  equipped  and  operated  under  the  conditions  outlined  above,  can 
perform  very  satisfactorily  with  vapors  at  much  lower  pressures  than  normally  used  in  most  sugar  mills. 

At  Bryant  Sugar  House,  the  installation  of  a  vapor  cell  of  18,000  square  feet  of  heating  surface, 
supplying  vapors  at  2-5  psig  to  the  vacuum  pans  station,  and  being  fed  with  vapors  from  our  first 
evaporation  at  12  psig,  has  resulted  in  an  extra  evaporation  being  obtained  without  increasing  the 
boiling  house  heating  energy  requirements. 

In  order  to  obtain  an  efficient  performance  from  our  vacuum  pans  at  such  low  vapor  pressures, 
the  following  steps  have  been  taken: 

1.  Yearly  cleaning  of  the  vapor  side  of  the  vacuum  pan  tubes  to  assure  the  maximum  heat  transfer. 

2.  Installation  of  additional  gas  vents  in  the  vacuum  pans. 

3.  Installation  of  mechanical  circulators  in  the  vacuum  pans. 

4.  Improved  feed  of  syrup  and  molasses  with  the  injection  of  steam. 

5.  Continuous  automatic  feed. 

6.  A  comprehensive  program  to  balance  the  steam  requirements,  avoiding  extreme  peak  demands. 

THEORY 

To  theoretically  demonstrate  what  in  actual  operation  we  have  achieved  with  the  practice  of  the 
approaches  we  have  described,  two  different  evaporating  schemes  have  been  worked  out. 


Case  I  (Fig.  1)  -  Quadruple  effect  evaporation  with  vapor  bleeding  from  the  first  effects  for  the 
vacuum  pans  and  juice  heaters.   The  exhaust  steam  is  supplemented  by  live  steam  through  a  pressure 
reducing  valve. 

Case  II  (Fig.  2)  -  Quadruple  effect  evaporation  with  the  vacuum  pans  being  fed  with  low  pressure 
vapors  from  a  vapor  cell.   The  juice  is  heated  with  condensate  waters  and  second  effect  vapors.   Exhaust 
make-up  is  by  means  of  thermocompressors. 


I 


Comparative  Data 


Case  I 


Case  II 


Cane  ground,  tons  per  day 
Raw  juice  -  extraction 

lb/hr 

brix 

temperature 
Clarified  juice  temperature 
Evaporation 
Syrup  -  pounds 

brix 
Vacuum  pans  -  assumed  steam  required 

lb/hr 
Exhaust  steam 
Live  steam  make-up 


10,000 
100% 
833,300 

14.0 
80  F 
205  F 
78.07, 
182,690 

63.8 

16.8%  cane 
140,000 
322,000 
58,000 


14,000 
100% 
,167,000 

14.0 
80  F 
205  F 
77.67. 
261,700 

62.4 

16.87,  cane 
196,000 
322,000 
58,000 
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To  Maceration 


Figure  1.   Quadruple  effect  evaporation  with  vapor  bleeding  from  the  first  effects  for  vacuum  pans  and 
juice  heaters. 
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Figure  2.   Quadruple  effect  evaporation  with  vacuum  pans  fed  with  low  pressure  vapors  from  a  vapor  cell. 
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For  the  last  11  crops,  our  live  steam  production  has  been  obtained  from  the  same  three  Riley-Stoker 
steam  boilers  with  a  rated  capacity  of  120,000  lb/hr  per  boiler  at  400  psig,  550  F  superheat,  with  two 
hours  peak  capacity  of  132,000  lb/hr  per  boiler.   However,  during  the  1975-76  crop,  our  average  steam 
production  was  140,000  lb/hr  per  boiler  with  peaks  of  160,000  lb/hr  per  boiler.   Two  of  the  things  that 
have  allowed  us  to  obtain  this  type  of  performance  from  our  boilers  are  our  low  moisture  in  bagasse  and 
the  fact  that  our  condensation  from  exhaust  steam  with  the  resulting  makeup  from  thermocompression  gives 
good  quality,  hot  boiler  feedwater.   Thus,  for  our  calculations,  we  have  assumed  an  average  loss  of  10%, 
leaving  380,000  lb/hr  available  for  boiling  house  steam  requirements. 

CONCLUSION 

In  conclusion,  we  must  remind  you  that  the  more  involved  the  plan  for  steam  economy,  the  more  com- 
plex the  setup  connecting  these  various  pieces  of  equipment  will  be.   It  then  becomes  increasingly 
important  to  pay  careful  attention  to  your  operations,  as  your  flexibility  is  inversely  proportionate  to 
your  overall  complexity.   This  in  turn  creates  more  and  more  of  a  dependence  on  instrumentation,  and 
automation  eventually  becomes  a  must. 

CASE  I  -  CALCULATIONS 

B.T.U.         Lb  of  steam        Liquor 

First  Effect  Evaporators  - 

Exhaust  steam  in  -  380,000  (262  F. )  x  937  356,060,000        380,000        833,300 

(brix  14.0) 
(temp.  227  F.) 
Deduct  for  heat  to  boiling  pt.  -  833,300  (245-227)    -  15,000,000 
Available  for  evaporation  -  341,060,000 

Evaporation  -  341,060,000/949  359,400       -359,400 

To  raw  juice  heaters  -  833,300  (218-80)  115,000,000        121,180 

To  clarified  juice  heaters  -  833,300  (227-205)     18,334,000         19,320 
To  vacuum  pans  -  10,000  x  16.8%  132,860,000        140,000 

To  second  effect  evaporators  -  74,866,000         78,900        473,900 

(brix  24.6) 
Flash  -  473,900  (245-227)  8,530,200 

Available  for  evaporation  -  83,396,200 

Evaporation  -  83,396,200/962  86,700       -  86,700 

To  third  effect  evaporators  -  83,396,900  387,200 

(brix  30.1) 
Flash  -  387,200  (227-198)  11,229,000 

Available  for  evaporation  -  94,625,900 

Evaporation  -  94,625,900/981  96,460       -  96,460 

To  fourth  effect  evaporators  -  94,625,900  290,740 

(brix  40.1) 
Flash  -  290,740  (198-147)  14,828,000 

Available  for  evaporation  -  109,455,100 

Evaporation  -  109,455,100/1,013  108,050       -108,050 

To  syrup  tanks  -  182,690 

(brix  63.8) 
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CASE  II  -  CALCULATIONS 

B.T.U.  Lb  of  steam         Liquor 

Pans  vapor  cell  (1-18,000  sq.  ft.  h.s.)  1,167,000 

(brix  14.0) 

Evaporation  -  188,566,000/949 _  "  ^8,700 

Exhaust  steam  in  -  456,000  x  937 

Deduct,  juice  from  v.c.  to  boiling  pt. 
968,300  (245-227) 

Available  for  evaporation 
Evaporation  -  409,842,600/949 

To  clarified  juice  heaters  (3) 

1,167,000  (227-205) 
For  thermocompressors  (2) 

76,000  (949) 
For  pans  vapor  cell  (1) 
198,700  (949) 
For  second  effect  evaporators  (2) 

Flash  -  536,400  (245-227) 

Available  for  evaporation  - 
Evaporation  -  133,133,800/962 

For  second  stage  juice  heating 
1,167,000  (218-145) 
To  third  effect  evaporators 

Flash  -  398,000  (227-198) 

Available  for  evaporation  - 
Evaporation  -  59,484,800/981 
To  fourth  effect  evaporators  - 

Flash  -  337,400  (198-147) 

Available  for  evaporation  - 

Evaporation  -  76,692,200/1,013  75,700 75,700 

To  syrup  tanks  -  261,700 

y  (brix  62.4) 


427,272,000 

968,300 
(brix  16.9) 

17,429,400 

409,842,600 

431 

900 

-   431,900 

25,674,000 

27 

050 

72,124,000 

76 

000 

188,566,000 

198 

700 

123,478,600 

130 

150 

536,400 
(brix  30.4) 

9,655,200 

133,133,800 

138 

400 

-   138,400 

85,191,000 

88 

550 

47,942,800 

398,000 
(brix  41.1) 

11,542,000 

59,484,800 

60 

,600 

60,600 

59,484,800 

337,400 
(brix  48.4) 

17,207,400 

76,692,200 
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COMPROMISE    BOILING   SYSTEM 

Carlos    R.    Toca 
Carlos    R.    Toca,    Inc. 
New   Iberia,    Louisiana 

ABSTRACT 

Equipment  requirements,  pan-boiling  procedures  and  results  of  experience  with  a  compromised 
boiling  system  in  Florida  and  in  Louisiana  are  compared  with  conventional  boiling  systems. 

INTRODUCTION 

The  intention  in  publishing  our  experiences  with  this  boiling  system  that  we  classify  as  a  com- 
promise between  our  classic  Three  Boiling  System  and  Three  and  One  Half  Boiling  System  and  some  new 
revolutionary  systems  established  in  some  sugar  factories  is  to  inform  our  fellow  technicians  of  our 
experiences,  conclusions,  and  perhaps  some  recommendations  about  this  system  that  we  consider  of  great 
value . 

BOILING  SCHEME 

This  system  consists  mainly  of  boiling  the  B  strike  out  of  a  C  sugar  magma  footing  with  A  molasses, 
and  using  the  B  sugar  resulting  from  this  strike  for  magma  as  footing  for  A  strikes. 

All  the  commercial  sugar  produced  is  from  A  strikes , either  straight  A  massecuite  boiled  totally 
with  syrup  or  occasionally  a  top-off  A  boiled  with  syrup  and  finished  with  A  molasses  resulting  from 
a  straight  A  massecuite. 

Graining  is  done  on  pure  syrup  or  a  blend  of  syrup  and  straight  A  molasses  depending  on  the 
purities;  we  try  to  granulate  on  a  purity  of  76  to  78. 

ADDITIONAL  EQUIPMENT  REQUIRED 
This  boiling  system  needs  some  additional  equipment,  as  follows: 

a)  An  extra  magma  seeder  for  B  sugar  magma.   We  handle  two  types  of  magma,  the  regular  C 
sugar  magma  that  is  used  for  B  strikes  footing  and  the  B  sugar  magma  resulting  from 
the  curing  of  B  strikes  and  used  for  A  strikes  footing. 

b)  Additional  centrifugals  for  B  sugar  separated  from  the  commercial  sugar  (A  sugar) 
equipment.   This  operation  could  be  done  either  on  regular  batch  machines  or  con- 
tinuous centrifugals.   Both  the  high  grade  or  the  low  grade  type  continuous  centrifugals 
are  suitable  for  this  operation. 

c)  Additional  magma  pump  and  mingler  for  B  sugar  magma. 

d)  B  molasses  pump  separated  from  A  molasses  have  to  be  provided. 

This  system  was  implemented  at  Osceola  Sugar  Factory  in  Florida  with  the  sole  idea  of  making 
high  test  sugar,  over  99.0  pol,  with  a  minimum  effort.   The  results  as  per  the  quality  of  sugar  were 
excellent  as  can  easily  be  understood  since  all  the  commercial  sugar  produced  is  resulting  from  A 
strikes,  with  additional  advantages  that  these  strikes  are  boiled  using  a  very  good  footing  from  B 
sugar  magma . 

Osceola  factory  was  not  fully  equipped  at  least  until  last  year,  to  carry  out  this  system  all 
the  time,  so,  it  was  limited  to  the  high  test  sugar  production. 

Our  main  problem  at  Osceola  was  that  by  not  having  sufficient  capacity  in  magma  receivers 
C  and  B  magma  were  frequently  mixed  and  B  sugar  had  to  be  melted  occasionally,  while  in  other 
instances  there  was  a  lack  of  B  sugar  footing  and  it  had  to  be  replaced  by  C  sugar  magma  for  A 
strikes  footing. 

Besides,  there  was  a  shortage  in  commercial  sugar  centrifugals,  the  cause  being  the  way  the 
installation  was  made,  and  it  was  impossible  to  use  more  machines  for  A  strikes  and  less  for  B  strikes. 

With  the  experience  of  Florida,  we  decided  to  try  the  system  in  Louisiana.   The  system  was 
implemented  at  St.  Mary  Sugar  Coop.   This  factory  was  almost  ideally  equipped  and  would  take 
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relatively  minor  investment  to  complete  the  equipment.   An  additional  magma  seeder,  mingler,  and  magma 
pump  were  installed. 

We  had  one  high  grade  sugar  Silver  continuous  centrifugal  and  with  the  addition  of  one  high  grade 
Western  States  continuous  machine  we  completed  the  centrifugal  equipment  for  B  sugar. 

The  results  of  St.  Mary  for  the  1975  grinding  season  were  excellent.  We  not  only  produced  a 
sugar  of  excellent  quality  as  was  expected,  but  the  sugar  recovery  was  greatly  improved  as  well  as 
the  pan  capacity. 

In  this  particular  instance,  after  a  few  adjustments  at  the  beginning  of  the  crop,  we  were  able 
to  use  all  the  C  sugar  for  B  strikes  footing  and  all  the  B  sugar  for  A  strikes  footing.   No  sugar  was 
melted  at  any  time.   Perhaps  this  fact  contributed  appreciably  to  the  relatively  low  steam  requirement 
of  the  boiling  house. 

For  the  1975  crop,  St.  Mary  Sugar  Co-op  processed  223,549  gross  tons  of  cane  and  produced  41,344,584 
lb  of  98.58  average  pol  sugar. 


Average  material  analyses  were  as  follows  (syrup  =  83.77  purity): 


A  massecuite 
B  massecuite 
C  massecuite 
A  molasses 
B  molasses 
Final  molasses 


cu  ft/ton 

cane 

brix 

3.61 

93.27 

1.65 

94.69 

1.07 

98.12 

pol 

77.09 
66.70 
55.51 


purity 

82.65 
70.44 
56.57 
63.26 
49.02 
30.88 


Gal  80  brix  final  molasses/ton  of  cane  =  5.76 

Lb  R.V.  sugar/gross  ton  =  193.31 

Lb  R.V.  sugar/net  ton  =  215.15 

Lb  R.V.  sugar/std.  ton  =  177.16 

Our  routine  work  was  to  make  a  B  strike  out  of  C  magma  footing  approximately  507.  of  pan  volume 
and  complete  the  strike  with  A  molasses. 

We  were  normally  making  4  A  strikes  out  of  a  B  magma  footing  at  a  proportion  12  cu  ft  of 
finished  A  massecuite  to  1  cu  ft  of  90°  brix  B  magma. 

We  found  this  system  to  be  very  simple  and  easier  to  carry  out  than  any  other  boiling  system 
since  it  takes  away  all  the  complicated  maneuvers  of  the  so-called  combination  in  the  pan  floor. 
Once  the  routine  is  established,  all  the  operations  are  always  the  same.   This  means  a  lot  for  pan 
capacity,  which  very  many  times  is  affected  by  the  ability  of  the  sugar  boiler.   In  this  system  with 
normal  supervision  the  need  for  a  very  skilled  sugar  boiler  is  minimized. 

In  the  final  analysis,  what  this  system  means  in  comparison  with  other  conventional  methods  is 
that  molasses  exhaustion  is  done  in  two  stages,  on  B  strikes  and  of  course  on  C  low  grade  strikes. 

The  syrup  is  used  mostly  to  finish  commercial  sugar  massecuites  and  very  little  to  develop  grain; 
molasses  is  used  extensively  in  developing  grain. 

Since  all  the  commercial  sugar  is  made  out  of  high  purity  B  magma  footing  (91  to  94  purity)  and 
syrup,  the  quality  of  the  sugar  is  greatly  improved.   Very  little  washing  is  required  in  the  centrifu- 
gals, and,  consequently,  molasses  run  off  is  greatly  diminished. 

Boiling  a  B  strikes  out  of  a  partially  developed  grain,  trying  to  make  a  good  sugar  with  good 
molasses  exhaustion,  always  has  been  the  most  difficult  massecuite  to  boil.   This  is  totally  eliminated 
with  this  boiling  system. 

B  massecuite  is  boiled  out  of  a  footing  with  numerous  grain;  it  is  very  absorbent  and  very  seldom 
gives  trouble.   Purity  drop  between  B  massecuite  and  B  molasses  increases  resulting  in  a  low  purity  B 
molasses  that  in  turn  gives  us  a  low  C  massecuite  with  great  possibility  of  good  final  molasses  exhaus- 
tion.  We  proved  this  case  with  a  lot  better  sugar  recovery. 

We  feel  that  the  additional  investment  required  in  most  sugar  factories  is  minimum  in  comparison 
with  the  benefits  derived  from  this  procedure,  so  we  do  not  hesitate  to  recommend  considering  imple- 
menting this  boiling  system. 


129 


CAPACITY  DETERMINATION  OF  CONTINUOUS  CENTRIFUGALS 
BY  PURITY  METHOD 

Peter  Schubert 

CF  and  I  Engineers,  Inc. 

Denver,  Colorado 

ABSTRACT 

Massecuite,  a  mixture  of  sugar  crystals  and  mother  liquor,  is  centrifuged  to  physically 
separate  the  mother  liquor  (molasses)  from  the  crystals.   The  percentage  of  sugar  crystals  and  mother 
liquor  in  a  massecuite  can  be  calculated  from  the  known  purities  of  the  massecuite,  the  sugar,  and  the 
mother  liquor.   Molasses  purity  is  higher  than  that  of  the  mother  liquor,  since  small  sugar  crystals 
passing  the  working  screen  of  the  centrifugal  add  to  molasses  purity.   The  influence  of  this  purity 
difference  on  the  calculation  of  capacity  ranges  from  one  to  two  percent;  more  accurate  calculation 
of  capacity  is  based  on  the  rectangle  method  following  the  adjustment  of  sugar  brix  and  mother  liquor 
brix  to  that  of  the  massecuite  prior  to  calculating  sugar  and  molasses  purities.   Use  of  water  and/or 
steam  in  the  centrifugals  and  sampling  sequence  introduce  errors  which  require  correction  in  the 
calculations. 
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CONTROL  OF  PARTICULATE  EMISSIONS  WITH  A 
WET  SCRUBBER 

William  D.  Arlington 

Florida  Sugar  Cane  League 

Clewiston,  Florida 

ABSTRACT 

In  order  to  protect  air  quality,  it  is  necessary  to  control  particulate  emissions  from  stacks. 
Such  emissions  generated  by  steam  boilers  can  be  controlled  by  the  use  of  an  abatement  device  called 
a  scrubber.   The  most  effective  type  of  scrubber  has  proven  to  be  a  wet  scrubber,  and  the  type  of 
wet  scrubber  most  generally  used  by  the  Florida  Sugar  Industry  is  the  Joy  Turbulaire  type-D  scrubber. 
The  Joy  scrubber  is  an  impingement-type  scrubber,  which  operates  by  passing  flue  gas  through  an  air- 
water  interface  at  a  high  velocity,  causing  particulate  matter  to  be  trapped  in  the  liquid  phase  and 
flushed  away.   The  process  is  complex  and,  in  order  to  gain  maximum  efficiency  from  the  unit,  the 
following  must  be  considered:   a  proper-sized  scrubber  must  be  selected  according  to  boiler  steam 
production  rate  and  the  volumetric  flow  rate  of  the  existing  gases;  correct  operating  conditions  must 
be  maintained,  i.e.,  the  level  of  the  scrubber  liquid,  sufficient  scrubber  water  flow,  and  the  correct 
pressure  drop  are  direct  functions  of  the  success  of  the  system;  and  the  unit  must  receive  regular 
maintenance,  i.e.,  replacement  of  worn  parts  and  cleaning  of  all  functional  areas.   Off-season 
maintenance  should  provide  for  extensive  overhaul  to  include  the  sump  area,  checking  for  corrosion, 
and  welding  of  weakened  areas.   Effective  emissions  control  also  encompasses  good  boiler  operation. 
This,  in  turn,  reduces  measurably  the  particulate  load  going  to  the  scrubber.   The  correct  combination 
of  oil  and  bagasse  can  be  utilized  to  achieve  proper  combustion.   Uniform  steam  production  will  reduce 
heavy  surges  of  particulates;  the  proper  percentage  of  excess  air  will  aid  the  combustion  of  the  fuel. 
Source  testing  can  also  be  an  important  step  in  reducing  emissions.   A  comprehensive  test  should  include 
the  following  parameters:   stack-gas  moisture;  percent  composition  of  gases;  stack-gas  velocity ; 
temperature;  and  scrubber-water  solids.   These  are  often  indicators  of  scrubber  and  boiler  performance, 
and  can  determine  what  adjustments  are  necessary  to  improve  efficiency.   Present  testing  methodology, 
consistent  with  Florida  state  standards,  is  a  modified  version  of  that  used  by  the  United  States 
Environmental  Protection  Agency.   The  procedure  consists  of  sampling  the  flue  gases  through  a  heated 
probe  and  filter,  and  bypassing  them  through  ice-cooled  impingers.   The  volume  of  the  gas  is  measured 
by  using  a  dry  gas  meter;  gas  velocity  in  the  stack  is  measured  simultaneously.   Emission  rates  are 
determined  by  dividing  the  weight  of  the  trapped  particulates  by  the  sample  gas  volume,  and  then 
multiplying  this  result  by  the  volumetric  flow  rate  of  the  stack-exit  gases.   In  conclusion,  the  wet 
scrubber  provides  a  high  degree  of  particulate  abatement  when  operated  and  maintained  in  the  above 
described  manner. 
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BAGASSE  BOILER  STACK  CLEANING 

A.  V.  Barron,  Jr. 

Barron/A. S.E. ,  Inc. 

Leeds,  Alabama 

ABSTRACT 

Equipment,  capabilities  and  performance,  and  the  code  compliance  standards  for  dust  collector 
systems  for  sugar-mill  boilers  are  evaluated.   The  energy  requirements  of  the  various  systems  i.e. , 
principally  mechanical  dust  and  wet  scrubbing,  their  common  field  problems  and  solutions  providing 
proper  operation  are  compared.   Simple  modifications  to  existing  equipment  to  improve  performance 
are  described. 
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■SOME  ASPECTS  OF  INDUSTRIAL  WATER  POLLUTION 

Robert  C.  Adams 

U.S.  Sugar  Corp. 

Clewiston,  Florida 


ABSTRACT 

Discharge  of  industrial  wastes  to  receiving  water  is  acquiring  increased  attention,  not  only 
because  regulatory  agencies  are  requiring  stricter  compliance  to  satisfy  standards  of  water  quality, 
but  also  because  of  economic  considerations  in  disposal  of  wastes.   Specific  types  of  wastes 
associated  with  the  production  of  sugar,  including  factory  effluents  and  agricultural  runoff,  are 
discussed.   Certain  physical,  chemical  and  biological  characteristics  of  these  wastes  are  considered, 
along  with  the  effects  wastes  have  on  receiving  water  e.g.,  dissolved  oxygen  levels,  sedimentation, 
BOD,  ecosystem  imbalance,  et  al.   Present  EPA  and  state  water  quality  standards  are  presented,  and 
methods  for  analyzing  selected  pollution  indices  are  examined. 
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HOW    PRACTICAL  IS   THE   CONVERSION  OF   SUGARCANE    PRODUCTS    INTO 
FUELS   AND  CHEMICAL  FEEDSTOCKS? 

Edward   S.    Lipinsky 

Battelle's    Columbus    Laboratories 

Columbus,    Ohio   43201 

ABSTRACT 

The   United   States    is    consuming  about   75  x   10        BTU's    per  year  of  energy  and   is    likely   to   consume 
150  x    10   -1    BTU's    by   the  year   2000.      To  meet   this    enormous    energy   demand,    the   United   States    is    seeking 
to   develop   previously   under-used   resources,    including   solar   energy.      Battelle  has    been   conducting  a 
research    program,    one   goal   of  which   is    to   evaluate   the  use   of  sugarcane   and  sugarcane   fiber    (bagasses, 
tops    and    leaves)    as    a   source   of    fuels.        Conversions   of   cane   juice   to   ethanol,    fiber   to  methane, 
methanol   and  various    liquid    fuels   are   under  active   investigation.      Comparisons    of   the   use  of   these 
fuels   and   chemical   feedstocks   with   use  of   fiber    for   generation  of  steam  and   electricity   is    underway. 
Initial    findings   with   regard   to   both   technical   and   economic    promise  will   be   presented    for   discussion. 

INTRODUCTION 

The  quadrupling  of  the  selling  price  of  crude  petroleum  by  the  Organization  of  Petroleum  Exporting 
Countries  (OPEC)  in  1973  will  have  a  continuing  impact  on  individual  and  corporate  life  in  the  U.S.  for 
decades  to  come.   The  OPEC  countries  generally  are  less  developed  countries  and  their  view  of  the 
situation—that  their  petroleum  constitutes  the  patrimony  with  which  to  achieve  the  aspiration  of  their 
citizens  —  probably  will  restrain  them  from  any  major  price  declines  toward  the  good  old  days.   A  more 
reliable  forecast  would  be  that  the  rising  expectations  of  the  citizens  of  the  OPEC  countries  will  lead 
to  pressures  to  increase  petroleum  prices  further.   The  U.S.  is  not  blessed  with  cheap  petroleum  and 
its  coal  reserve,  although  vast,  poses  serious  safety  and  environmental  problems.   Therefore,  the  U.S. 
needs  to  develop  renewable  energy  resources .   Agriculture  is  one  such  resource  but  which  crops  are  the 
best  candidates? 

SUGARCANE  AS  A  CANDIDATE  ENERGY  RESOURCE 
The  major  merits  of  sugarcane  as  a  candidate  energy  resource  are  as  follows: 

1)  Sugarcane  is  renowned  for  its  agricultural  productivity  (4). 

2)  Sugarcane  juice  can  be  fermented  to  ethanol  directly,  in  contrast  with  cellulosic  starting 
materials . 

3)  Sugarcane  has  low  sulfur  and  low  ash  contents  and  is  not  radioactive. 

4)  Sugarcane  is  renewable  and  does  not  disturb  the  ecological  systems  of  the  earth's  biosphere. 

5)  Considerable  fiber  is  delivered  to  the  mill  along  with  the  salable  sugar  products,  in 
contrast  with  corn  which  is  shelled  in  the  field  and  with  crops  grown  exclusively  for 
energy  production. 

In  contrast  with  these  sugarcane  merits,  coal,  nuclear  energy,  and  oil  shale  have  serious  drawbacks, 
especially  in  safety  and  environmental  impacts. 

To  balance  the  picture,  sugarcane  does  have  the  following  drawbacks: 

1)  Sugarcane  products  are  valuable  in  food  and  feed  applications  and  their  conversion  to 
energy  can  be  considered  an  underutilization  of  their  potential  value. 

2)  Land  of  sufficient  quality  to  grow  sugarcane  on  a  highly  productive  basis  could  be  used 
to  grow  other  foods  and  feed  crops  on  a  highly  productive  basis . 

3)  Unlike  corn  and  some  other  field  crops,  land  area  in  the  U.S.  that  is  suitable  for  high- 
productivity  sugarcane  production  is  limited. 

4)  Relatively  few  farmers  in  the  U.S.  are  conversant  with  the  highly  specialized  agricultural 
technology  required  to  grow  sugarcane  successfully. 

5)  Sugarcane  is  costly  to  grow  in  terms  of  energy  requirements,  capital  investment,  labor, 
and  other  inputs. 

These  drawbacks  are  serious  and  in  Battelle's  opinion  will  tend  to  limit  the  contribution  of  sugarcane 
to  the  solution  of  the  energy  problem  to  less  than  2  quads  of  energy  in  the  1985-2000  timeframe.   Con- 
sidering that  U.S.  energy  needs  will  exceed  100  quads  (3,  5),  such  a  modest  goal  might  seem  unimportant. 
Of  course,  this  energy  problem  will  not  be  solved  by  one  or  two  major  new  resources  but  rather  by 
small  contributions  from  many  new  resources. 
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CONVERSION  POSSIBILITIES 
The  major  conversion  possibilities  under  study  at  Battelle  are  the  following: 

1)  Direct  production  of  electricity  and  steam  by  combustion. 

2)  Production  of  substitute  natural  gas  (SNG)  thermochemically  or  by  fermentation. 

3)  Production  of  ethanol  by  fermentation. 

4)  Thermochemical  production  of  methanol  via  synthesis  gas. 

5)  Thermochemical  production  to  ammonia  via  synthesis  gas. 


The  interre 


lations  among  these  opportunities  are  shown  schematically  In  Fig.  1.   For _ reasons  of  brevity 


only  ethanol,  methanol,  and  ammonia  will  be  discussed  in  this  paper, 
and  SNG  will  be  discussed  by  Battelle  in  subsequent  papers. 


Direct  production  of  electricity 


Figure  1.   Conversion  of  Sugarcane  Products  into  Fuel  and  Chemical  Feedstocks 


ETHANOL  FROM  SUGARCANE 

The  manufacture  of  rum  from  molasses  and  the  impromptu  production  of  white  lightning  from  sugarcane 
squeezings  is  so  well  known  that  it  is  unnecessary  to  debate  the  technical  feasibility  of  manufacturing 
ethanol  from  sugarcane  by  fermentation  technology.   The  major  problem  arises  when  the  goal  is  to  manu- 
facture a  significant  quantity  of  ethanol  from  sugarcane  products  cheaply  enough  to  have  an  impact  on 
the  energy  problem. 
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The  general  concept  is  to  make  use  of  the  fibrous  sugarcane  by-products  to  manufacture  the  steam 
for  crushing  and  milling  the  agricultural  inputs,  with  enough  steam  left  over  to  conduct  the  ethanol 
distillation  (Fig.  2).  Battelle  has  made  preliminary,  rough  estimates  of  the  manufacturing  cost  for 
ethanol  on  a  70-million-gallon-per-year  scale  (Table  1).  This  scale  is  approximately  25%  of  current 
U.S.  ethanol  production  for  industrial  uses  and  would  be  equivalent  to  approximately  50  million 
gallons  of  gasoline  per  year.  This  is  the  scale  that  a  40,000-60,000  acre  plantation  or  cooperative 
might  produce.  This  approach  is  practical  in  contrast  to  the  grand  schemes  that  involve  cultivation 
of  sugarcane   on   10,000   square  miles   of   land  in  the   arid  west. 


SUGAR  CANE 
TOPS  AND  LEAVES 


FIBER 


SUGAR 
MILL 


FERMENTOR 


I 


I 


STEAM 


ETHANOL/WATER 


ETHANOL 


Figure   2.      Manufacture  of   Ethanol   from   Sugarcane    Products. 

Using  data  supplied   by  many   sources,    Battelle  estimates    that   cane    juice  might   be  obtained   for 
approximately   $0.06    per   pound   of   fermentable   solids   and    fiber  might   be   obtained   for  approximately 
$1.00   per  million   Btu's.      This    process  manufactures    significant   quantities    of  stillage    (distiller's 
dried   solubles).      When  an  appropriate   penalty   is    applied   to   the  stillage   product   because   of   its 
relatively  high  ash   and    low   protein  content,    then   the   net  manufacturing   cost   of   ethanol   appears    to 
be   approximately   $1.10   per   gallon    (Table    1). 

How  much   should   ethanol   cost    to   be   competitive  with   gasoline?     As    shown   in  Table   2,    the   gasoline 
for  which   one   pays    $0.57    per   gallon  has    a   very    low  cost   at    the   re finery- -somewhat    less    than   $0.33    per 
gallon.      Taking   this   as    a   genuine   starting   point,    since   ethanol  has   only   two-thirds    the   energy  of 
gasoline,    it   should   cost    $0.22    per   gallon  to   compete   on  a    purely  economic   basis.      One   can  cite  anti- 
knock and   pollution  abatement   advantages    for   ethanol.      However,    this    low   energy   product   costs  more 
per    Btu  to   ship.      Actually,    the   situation   is    even  worse   than  stated   above.      The  regional  selling 
price    for   gasoline   consists    of   $0.22   per   gallon  raw  material   costs   and   $0.10   per   gallon  operating 
costs,    profit,    etc.      In   fact,    the   $1.09   ethanol   cost   should   be   compared  with   some   figure   between  two 
thirds   of   $0.22  and   $0.33.      Therefore,    fuel   ethanol  has    a   value   between   $0.15  and   $0.22    per   gallon. 
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Table    1.      Estimated  manufacturing   costs    of   ethanol    from  sugarcane    juice. 


Capital   Investment 


(a) 


Battery   limits    plant 
Utilities,   offsites,   etc. 
Interest   during  construction 
Working  capital  and  startup  expenses 

Total 

Annual  capital  charges,  20  yr,  9% 

Operating  and  Maintenance 

Nutrients  and  denaturants 

Utilities:   steam  at  $3  per  1,000  lb 

other 
Labor  and  supervision 
Maintenance 

Overheads,  supplies,  indirects 
Taxes  and  insurance 

Total 
Raw  Materials  Cost 

Cane  juice  at  $0.06  per  lb 
Credits 

Net  manufacturing  cost 
Net  Manufacturing  Cost  (in  dollars  per  gallon) 


(In  millions  of  dollars) 


49.0 

24.0 

9.0 

24.0 

105.0 


2.0 
16.8 
0.6 
1.6 
1.8 
2.4 
1.6 


56.5 


11.6 


83.0 

56.5 

(20.4) 

74.2 


1.08 


(a)  Excludes  steam  plant,  includes  fermentation  at  $35  million  and  distillation  at  $11  million. 


Table  2.   Gasoline  prices  at  various  p 
Level  of  Distribution 


oints  in  the  channels  of  distribution,  mid  April,  1976. 


Price,  Cents  Per  Gallon 


Pump 

Retail  ex  Taxes 

Dealer 

Regional  ,as 

Crude  Oil  Cost   Component 


57.0 
45.9 
36.8 
31.8-36.5 
22 


The   present 


Source:      National    Petroleum  News ,    June    1976,    p.    12. 
(a)   Battelle  estimate. 

The    prospects    are  much   brighter    for   industrial   ethanol   than   for    fuel   ethanol. 
selling   price  of   denatured   ethanol   is    $1.15    per   gallon. 

One  must   be   cautious    in  comparing  a    projected  manufacturing  cost   of   $1.08    in  new  facilities   with 
a   selling   price  of   $1.15  made   in  well-amortized   facilities.      A  manufacturing   cost   of   $1.08   is    Probably 
equivalent    to   a   selling   price   of    $1.50   per   gallon.      The   4.2    lb   of   ethylene   contained   m  a   gallon  of 
ethanol   now  cost     about    $0.50.      An  ethylene   price   of   $0.21  would   lead   to   an  ethylene  cost   component 
for  petrochemical   ethanol  of   $0.90   per  gallon.      If  the  $0.65  margin  that   now  applies  were  used  as   a 
markuD     a   selling   price   of    $1.55   per   gallon  would   result.      Because  one   can  expect    $0.21    per   pound 
ethylene   from  £l   per   barrel   petroleum,    the  crossover   point   between   petrochemical   ethanol  and   fermen- 
tation ethanol  would  be  approximately   $21   per   barrel   for    petroleum.      If  petroch "^oHg™    barrel 
ferred   to   sell   ethanol   for   double   the   ethylene   cost,    the   crossover   point   would   be   about    $17    per  barrel. 
However,    public   opinion  and   federal   policy  would  hold    the  margin  close   to    $0.50    per   gallon,    in   our 
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opinion.   This  preliminary  analysis  indicates  that  the  crossover  to  fermentation  would  become  likely 
as  petroleum  approaches  $20  per  barrel  and  as  ethylene  approaches  $0.20  per  pound.   This  price  increase 
would  come  to  pass  and  is  well  worth  providing  for. 

THEKMOCHEMICAL  PROCESSES 

A  major  fault  in  making  ethanol  from  sugarcane  is  that  the  juice  that  is  employed  for  fermenta- 
tion is  the  same  juice  that  is  used  to  make  crystalline  sucrose  and  feed  molasses .   Sugar  fiber  is 
used  in  that  concept  only  to  manufacture  steam.   It  is  logical  to  seek  ways  to  make  the  fiber  into 
fuels  or  chemical  feedstocks  and  to  maintain  the  opportunity  to  sell  crystalline  sucrose  and  feed 
molasses.   Accordingly,  Battelle  is  investigating  the  conversion  of  sugarcane  fiber  products  into 
methanol  and  ammonia  by  thermochemical  processes . 

Since  several  processes  for  converting  municipal  solid  waste  (MSW)  into  synthesis  gas  (carbon 
monoxide  and  hydrogen)  have  been  under  development,  Battelle  examined  MSW  thermochemical  processes 
first.   Sugarcane  fiber's  major  advantages  are  much  less  ash  and  much  more  consistent  composition  than 
MSW.   MSW's  big  advantage  is  having  about  half  the  moisture  content  of  sugarcane  fiber. 

«.The  front-running  process  for  making  carbon  monoxide  and  hydrogen  from  MSW  is  Union  Carbide's 
Purox$  process  (7).   The  Purox  process  has  reached  the  demonstration  plant  stage.   Other  processes 
may  appear  cheaper  but  have  not  survived  pilot  plant  and  demonstration  runs.   Sugarcane  fiber  could 
be  converted  into  carbon  monoxide  and  hydrogen  at  a  cost  of  approximately  $2.40-$3.50  per  million 
Btu's  (Table  3).   The  major  cost  element  is  the  energy- intensive  and  capital-intensive  facility. 
Pure  oxygen  is  an  essential  ingredient  of  the  Purox  process  and  its  manufacture  from  air  requires  a 
major  capital  investment  and  much  electricity  for  operation. 

Table  3.   Estimated  manufacturing  costs  of  synthesis  gas  via  the  Purox  process. 

(In  millions  of  dollars) 


Capital  Investment 

Battery  limits  plant 


(a) 


Other  fixed  investments 

Interest  during  construction  and  startup 

Total 

Annualized  Capital  Charge,  20  yr,  9% 

Operating  and  Maintenance 

Power  at  0.02/kwh 

Miscellaneous  at  $0.60/dry  ton 

Labor  and  supervision 

Maintenance 

Supervision,  payroll  burden,  supplies,  indirect  costs 

Taxes  and  insurance 

Total 
Raw  Material  Cost 

Sugarcane  fiber  at  $/MM  Btu 
Net  Manufacturing  Cost 
Net  Manufacturing  Cost  (in  dollars /million  Btu) 


36.0 
9.5 
8.7 

54.2 


1.9 
0.3 
0.8 
1.2 
1.6 
1.1 


7.8 


6.0 


6.9 

7.8 
20.7 


3.00 


(a)  Includes  land,  site  preparation,  utilities,  and  services. 

Methanol.   Starting  from  synthesis  gas  at  about  $3.00  per  million  Btu's,  Battelle  estimates  that 
the  manufacturing  cost  of  methanol  would  be  about  $0.66  per  gallon  (Table  4).   Again,  this  manufacturing 
cost  should  be  considered  rough,  approximate,  and  preliminary.   The  methanol  manufacturing  cost  is  based 
on  ICI  technology  that  is  a  commercial  reality. 
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Table  4.   Cost  of  methanol  from  Eurox  output, 


$  Million 

20.7(a) 

8 
28.7 

12 
0.66 


Cost  of  Purox  Output 

Cost  of  Methanol  Synthesis 

Cost  per  MM  Btu  Methanol 
Cost  per  gallon 

Source:   Battelle  estimate. 

(a)  Assumes  sufficient  waste  heat  available  to  reduce  fiber  moisture  from  about  49%  to  about  25%. 

These  methanol  manufacturing  costs  are  higher  than  those  based  on  coal  about  which  you  may  have 
read  in  chemical  engineering  journals.   When  methanol  manufactured  from  coal  is  studied  huge  plants 
that  are  25  times  the  size  of  the  facilities  that  sugar  processors  would  use  are  postulated.   There 
are  significant  economies  of  scale  which  our  small  475  ton  per  day  plants  cannot  hope  to  match.   Big 
plants  have  about  half  the  unit  costs  of  small  plants. 

How  good  a  fuel  is  methanol?   Methanol  has  only  half  the  energy  content  of  gasoline.   Conse- 
quently  the  manufacturing  cost  of  methanol  would  have  to  be  less  than  $0.16  per  gallon  just  to      _ 
compete  with  the  gasoline  made  from  petroleum  that  averages  $9  per  barrel.   Using  the  type  of  analysis 
presented  for  ethanol,  the  motor  fuel  crossover  point  would  be  $49  per  barrel  on  a  passthrough  basis. 
If  the  producer 
the  crossover  poi 
fuel  when  fiber 
facility  is  built. 

As  with  ethanol,  methanol  has  many  chemical  uses.   The  market  for  chemical  methanol  for  use  as 
a  solvent  and  as  starting  materials  for  an  entire  family  of  industrial  chemicals  is  3.5  million  tons 
per  year  (1),  which  is  about  3  times  the  volume  of  the  ethanol  market.   The  selling  price  of  chemical 
methanol  is  approximately  $0.40  per  gallon. 


ittelle  estimates  that  a  ga 


lion  of  methanol  contains  approximately  $0.15  of  natural  gas.   The 


Bt?i!geThese^crossoverPrlces'"are"much  closer  to  realization  than  would  be  the  ethanol  crossovers 
because  no  new  OPEC  actions  are  required. 

Fertilizer  Ammonia.   Although  ammonia  has  a  high  energy  content,  it  seems  most  appropriate  to 
evaluate  ammonia  from  the  outset  of  its  major  application-fertilizer.   Ammonia  is  made  from  the_ 
thermochemical  reaction  of  nitrogen  and  hydrogen  with  special  catalysts.   The  oxygen  plant  used  in 
the  Purox  process  manufactures  both  oxygen  and  nitrogen  and  uses  the  oxygen  to  make  synthesis  gas. 
Some  of  the  nitrogen  could  be  used  as  raw  material  and  the  low  temperature  could  help  in  product 
recovery. 

The  United  States  manufactures  approximately  17.5  million  tons  (1)  of  ammonia  per  year  which 
makes  this  product  a  much  bigger  market  than  ethanol  and  methanol  put  together.   Ammonia  manufacture 
consumes  approximately  3%  of  U.S.  natural  gas  production  and  represents  a  major  focal  point  for  future 
fuels  savings.   The  market  prices  for  ammonia  are  quite  artificial  because  the  natural  gas  used  m  its 
production  is  still  valued  at  levels  that  are  not  equilibrated  with  the  1973  energy  price  increases 
The  raw  material  costs  are  likely  to  increase  by  $50-$100  per  ton  of  ammonia  product  within  the  next 
10  years  just  to  catch  up  with  the  1973  energy  price  increase. 

When  ammonia  is  made  from  natural  gas  from  the  Gulf  coast  or  brought  in  from  Trinidad  or 
Venezuela   there  are  transportation  costs  and  losses  of  ammonia  that  can  amount  to  as  much  as  5-i0/o 
of  the  selling  price  in  value.   Therefore,  local  production  of  ammonia  close  to  the  point  of  end  use 
can  have  an  economic  advantage  that  can  partly  offset  the  economies  of  scale  advantage  that  the  large 
Gulf  coast  and  foreign  facilities  have. 

Battelle's  rough,  approximate,  preliminary  calculation  of  ammonia  manufacturing  cost  fromsugar 
fiber  is  about  $200  per  ton  (Table  5).   If  the  present  manufacturing  cost  of  ammonia  in  facilities 
still  needing  amortization  and  with  $1.50  per  million  Btu  gas  is  $125  per  ton,  the  passthrough  cross- 
over point  would  be  about  $3.75  per  million  Btu's.   If  a  proportional  margin  were  maintained   cross- 
over would  occur  at  about  $2.70  per  million  Btu's.   These  crossover  points  are  well  within  the  realm 
of  possibility. 
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Table  5.   Estimated  manufacturing  costs  of  ammonia.   Scale:   568  short  tons  per  day;  330  days  per  year. 
(In  millions  of  dollars) 


Capital  Investment 

Battery  limits  plant  (BLP) 
Other  fixed  investments (a ) 
Interest  during  construction  and  start  up  costs 

Total 

Annualized  capital  charge,  20  yr,  9% 

Operating  and  Maintenance 

Labor  and  supervision 

Overheads,  supplies,  indirects 

Taxes  and  insurance 

Utilities:   Steam,  1,353  M  lb/D,  330  D/yr  @  $3/M  lb 

Electricity 

Offgas  credit  at  $1/MM  Btu 

Total 
Raw  materials 


Purox  gas  cost 
Nitrogen 

Net  Manufacturing  Cost 

Net  Manufacturing  Cost  (in  dollars  per  ton) 


30.0 
17.8 
13 

60.8 


1.47 
3.73 
1.07 
1.34 
4.17 
(3.12) 


18.50 
2.00 


6.7 


20.5 
35.9 
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(a)      Includes   offsites   and   services   and    5  months'    product   storage. 

CONCLUSIONS 

As    of   June,    1976,    it    is    not   possible   to   give   the   definitive   answer   to   the   question   "How  practical 
is    the   conversion  of   sugarcane   products    to    fuels    and  chemical    feedstocks?"     The   practicality   is    not 
within   control   of   the   United   States.      Barring  vindictive   and   economically   irrational   acts   by   the   OPEC 
countries,   manufacture  of   fuels    for   direct   use   in  our   automobiles    does   not   appear    likely   in   the  next 
decade   or   two.      However,   manufacture  and   sale   of   such  materials   as    ethanol,   methanol,    and  ammonia    for 
non-fuel   usage   is    relatively   close   to   the   crossover   point,    compared  with    fuel   uses.      The  manufacture 
of   20  million   tons   of   these   chemicals    from  natural   gas    and/or   petroleum  sources    uses    U.S.    fuel   resources 
at    the   rate  of  several   quads    per   year.      Therefore,    use   of   sugarcane   to   replace   natural   gas   and   petroleum 
for  making  ammonia,   methanol,    and  ethanol   could   contribute   significantly   to   the   amelioration  of   the 
U.S.    energy   problem. 

What   can   sugar   technologists    do   to  help  reduce   the  dependence  of   the  U.S.    on   petroleum  and 
natural   gas?      The   calculations    presented   in  this    paper   use   the   sugar   technology   developed  over   the 
years    to  optimize   crystalline   sucrose   production.      Our   investigations   confirm  what   sugar   specialists 
have  known  all   along—that   new  sugarcane  varieties    and   agronomic    practices    could   reoptimize   this    crop 
to   provide  chemical   feedstocks  more   cheaply.      Changes    in  sugarcane    processing  at   the  mill  are  needed 
to   enhance   the   suitability  of    the    fiber    for   thermochemical   conversion  to   chemicals.      Some  of   the  major 
concepts    for   this    reoptimization  will   be  a   subject   of   a    forthcoming   Battelle   report   and   tutorial 
conference. 
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National  energy  demands  and  their  effects  on  industry  and  business  are  discussed.   Conceptual 
ideas  are  offered  to  plan  for  reducing  the  impact  of  a  projected  energy  shortage  on  national  and 
international  business  economics. 
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FOUR  PROMISING  RESEARCH  AREAS  IN  SUGARCANE  BREEDING 

P.  M.  Lyrene 
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Belle  Glade,  Florida 

ABSTRACT 

Most  new  sugarcane  varieties  are  produced  by  selection  of  superior  F]_  seedlings  from  crosses 
involving  commercial  and  promising  test  clones.   Research  in  several  areas  of  sugarcane  breeding 
promises  to  improve  and  supplement  present  variety-development  procedures.   Methods  for  evaluating 
the  breeding  value  of  potential  parents  will  allow  selection  of  parental  combinations  giving  superior 
F-i  populations.   Crosses  with  previously  unused  Saccharum  of f icinarum  clones  will  increase  diversity 
and  reduce  inbreeding  in  seedling  populations  from  which  varieties  are  selected.   Tissue-culture 
induced  mutations  may  correct  certain  types  of  defects  in  clones  that  are  otherwise  superior.   Develop- 
ment of  varieties  that  can  fully  exploit  new  cultural  practices  such  as  narrower  row  spacings  and 
chemical  sucrose  enhancers  may  result  in  significant  increases  in  sugar  yields. 

INTRODUCTION 

Most  new  sugarcane  varieties  are  selected  F-,  seedlings  obtained  from  crosses  involving  commercial 
varieties  and  promising  experimental  clones.   The  rather  empirical  method  now  used  in  sugarcane  breeding 
has  been  very  successful  in  the  past,  and  will  continue  in  the  future  to  be  the  primary  method  of 
variety  development.   The  science  of  sugarcane  breeding  is  progressing,  however,  and  the  purpose  of 
this  paper  is  to  describe  four  areas  of  breeding  research  which  may,  in  the  future,  expedite  sugarcane 
variety  development.   Obviously  no  brief  discussion  can  cover  all  promising  areas  of  sugarcane  research, 
nor  can  it  more  than  exemplify  research  progress  in  the  areas  discussed. 

PARENTAL  EVALUATION 

The  number  of  different  crosses  that  can  be  made  with  n  sugarcane  clones  is  given  by  the  formula 
n(n-l)/2.  For  100  breeding  clones,  the  number  is  4950.  Sugarcane  breeders  commonly  have  hundreds  of 
clones  that  could  be  used  as  parents,  and  the  number  of  possible  parent  combinations  far  exceeds  what 
can  be  tested.  Crosses  vary  widely  in  quality,  some  producing  many  excellent  seedlings  with  cultivar 
potential  and  others  producing  mostly  weak  seedlings,  few  of  which  would  make  good  cultivars.  Obviously, 
breeders  would  like  to  know  in  advance  which  parental  combinations  would  produce  good  seedlings  and 
which  would  produce  poor. 

Prediction  of  cross  potential  is  greatly  simplified  if  it  is  assumed  that  some  sugarcane  clones 
are  good  parents  and  others  are  poor  parents,  regardless  of  what  clones  they  are  mated  with.   This 
assumption  is  not  completely  valid,  but  is  probably  accurate  enough  to  be  useful.   A  problem  which 
immediately  arises  is  how  best  to  determine  whether  particular  clones  are  good  or  poor  parents.   A 
starting  point  is  the  rule  that  like  begets  like,  that  is,  good  varieties  make  good  parents. 
Sugarcane  breeders  make  wide  use  of  this  rule  but  realize  that  some  excellent  varieties  are  poor 
parents  and  some  poor  varieties  are  good  parents. 

A  second  method  by  which  the  breeding  potential  of  sugarcane  clones  can  be  evaluated  is  evaluation 
of  Si  seedlings.   If  100  potential  breeding  clones  could  be  self  pollinated  and  the  100  S.  populations 
compared  in  a  replicated  test,  the  breeder  would  have  a  valuable  measure  of  the  relative  abilities  of 
various  clones  to  transmit  good  varietal  characteristics  to  their  offspring.   Hopefully,  then,  the  best 
crosses  would  be  those  between  clones  which  produce  good  S^  populations.   These  promising  crosses 
would  be  made  first,  and  less  promising  crosses  would  be  made  only  if  time  allowed. 

A  third  method  for  evaluating  parents  is  the  topcross,  in  which  a  series  of  test  parents  are 
crossed  individually  with  one  standard  parent,  which  may  be  a  commercial  variety  or  an  inbred  line. 
F|  populations  from  the  crosses  are  compared,  and  test  parents  giving  the  best  populations  are 
assumed  to  have  the  highest  potential  as  parents. 

An  effective  method  for  determining  breeding  value  in  sugarcane  clones  would  allow  intelligent  use 
of  a  larger  number  of  breeding  clones.   Experimental  clones  in  early  stages  of  variety  development 


This  work  was  done  at  the  USDA  Sugarcane  Field  Station,  Canal  Point,  Fla. 
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zing  to  be  good  parents  could  be  used  in  breeding  years 

earlier  than  would  otherwise  be  possible. 

collected  on  the  effectiveness  of  parental  evaluation. 


oould  be  evaluated  as  parents,  and  those  provi^- ^--.^  ^  ^^.^  ^  mQre  data  should  be 


NEW  NOBILIZATIONS 

Prior  to  1900  the  so-called  noble  cane  varieties  (Saccharum  officinarum  L.)  accounted  for  most  of 
the  world's  sugarcane  production.   Today,  almost  all  sugarcane  production  is  from  high-chromosome 
number  nvbrids  based  on  S.  officinarum  and  S.  spontaneum  L. ,  with  possible  minor  inputs  from  a  few 
other  Saccharum  species."  Because  most  of  the  chromosomes  of  modern  commercial  sugarcane  cultivars 
trace  back to  S   officinarum,  S.  officinarum  genes  are  clearly  of  primary  importance  in  sugarcane 
biding-!  Yetf" of  the  hundredl  of  S.  officinarum  varieties  in  the  world  collections   only  a  hand  ul 

in  the  development  of  commercial  sugarcanes,  and  there  is  little  to  suggest  that  the  ones 
used  were  necessarily  the  best  that  are  available.   Furthermore,  with  cross-pollinated  crops  like 
sugar^ne,  in  which  maximum  vigor  depends  upon  maximum  heterozygosity,  seedlings  show  decreased  vigor 
if  they  trace  back  to  too  small  a  sample  of  ancestors. 

Within  the  past  decade,  several  sugarcane  breeders  have  been  making  crosses  to  bring  genes  into 
commercial  sugarcanes  from  previously  unused  noble  varieties.   These  crosses  promise  to  increase 
variability  and  vigor  in  the  seedling  populations  from  which  commercial  varieties  are  selected. 

MUTATIONS  IN  TISSUE  CULTURE 

Breeders  of  seed-propagated  crops  in  which  varieties  are  either  relatively  homozygous  pure  lines 
(the  small  grains   soybeans!  etc.)  or  hybrids  of  inbred  lines  (maize,  sorghum  etc.)  have,  in  the 
backcross  procedure,  a  systematic,  reliable  method  for  altering  one  feature  of  a  variety  while  main- 
taining othe features  almost  unchanged.   In  these  crops,  if  a  promising  variety  has  one  seriou 
deet  which  is  controlled  by  one  or  two  genes,  that  defect  can,  in  essence,  be  removed  from  he 
variety  by  the  backcross  method  if  related  varieties  lacking  the  defect  are  available.   With  sugar 
lane  and  other  heterozygous,  vegetatively  propagated  crops  in  which  particular  genotypes  cannot  be 
exactly  reproduced  by  seed,  the  backcross  method  does  not  produce  the  desired  results.   Because  of 
heterozygosity   aneuploidy  and  the  fact  that  only  a  few  generations  of  selection  have  occurred  since 
the  original  synthesis  o/commercial  sugarcane  hybrids,  few  F,  seedlings,  even  from  .^""J^" 
of  commercial  quality,  and  the  expense  of  identifying  a  good  variety  is  substantial   Thus,  a  technique 
bv  which  an  excellent  but  defective  variety  could  be  made  useful  by  removal  of  the  defect  could  be  a 
helpful  adjunct  to  conventional  sugarcane  breeding  procedures.   Plant  tissue  culture  may  be  such  a 
technique. 

Sugarcane  tissue  culture  is  a  procedure  in  which  fragments  of  leaves  or  flowers  are  placed  on  a 
specially-prepared  nutrient  medium  under  conditions  which  induce  formation  of  small  sugarcane  plants 
from  the  fragments.   Tissue  culture  is  vegetative  reproduction,  and  in  theory,  one  would  not  expect 
the  newly  formed  p  ants  to  deviate  from  the  parent  type.   In  practice,  however,  deviations  occur  at  high 
frequency  not  only  in  sugarcane,  but  also  in  dozens  of  other  economically  important  plants  that  have 
been  gro-  in  tissue  cultures.   Most  of  these  deviations  are  deleterious,  and  result  in  war     bo, 
or  unthrifty  plants.   Other  changes,  however,  are  of  the  type  sought,  in  which  one  varietal  trait  is 
altered  while  the  other  principal  traits  remain  the  same.   Although  the  mechanisms  by  which  these 
en an  es  Irise  at  such  high  frequency  are  poorly  understood,  the  changes  themselves  have  been  reported 
so  frequently  and  with  so  many  different  plant  species  that  they  hardly  can  be  denied. 

In  sugarcane  varieties  CP  57-603  and  H  57-1627,  variants  have  been  reported  which  have  acquired 
resistanceTo  e-yespor  disease  (Bipolaris  sacchari)  (2) ;  and  variants  of  susceptible  variety  Pindar  have 
been  reported  resistant  to  Fiji  disease  (3). 

It  is  too  early  to  properly  assess  the  potential  of  tissue  culture  mutagenesis  in  sugarcane 
breeding,  but  the  technique  presently  seems  very  promising. 

BREEDING  FOR  NEW  CULTURAL  PRACTICES 

Advances  in  agricultural  technology  are  sometimes  delayed  because  agricultural  research  is  f.ag- 
mented  into  separate  disciplines  such  as  plant  breeding,  agronomy,  soil  science,  and  agricultural 
engineering   Although  this  fragmentation  has  several  advantages  and  probably  is  unavoidable  in  an 
age  of  proliferating  information  and  increasingly  sophisticated  research  tools,  it  a  so  has  a  serious 
disadvantage  in  that  it  encourages  discipline-oriented  research  and  discourages  problem-oriented 
approaches. 

Some  promising  research  areas  in  sugarcane  breeding  have  both  ^ietal  and  cultural  aspects. 
For  example,  preliminary  evidence  from  several  sugarcane  areas  suggests  that  5-foot  (1.5m)  row 
spacings  may  severely  reduce  yields  compared  to  narrower  spacings  (1,  4).   Changing  an  entire 
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industry  to  narrower  row  spacings,  however,  or  even  conducting  field  experiments  large  enough  to  con- 
clusively measure  the  effect  of  various  spacings,  requires  new  machines  to  plant,  cultivate,  and  harvest 
the  cane  as  well  as  new  varieties  that  will  fully  exploit  the  narrow-row  environment.   A  study  by  Bull 
(1)  showed  that  sugarcane  varieties  do  best  when  grown  under  the  particular  row  spacings  for  which  they 
were  developed. 

Sucrose  enhancement  is  a  research  area  in  which  sugarcane  breeders  and  agronomists  may  work  together 
with  great  profit.   Sugarcane  varieties  differ  in  their  responses  to  chemical  sucrose  enhancers,  and 
in  the  future,  sucrose  yields  may  be  greatly  increased  by  coordinated  development  of  more-effective 
sucrose  enhancers  and  of  sugarcane  varieties  especially  designed  to  respond  favorably  to  them. 

Vegetative  propagation  has  had  an  enormous  impact  on  the  development  of  sugarcane  breeding  as  a 
science.   Because  of  vegetative  propagation  there  has  been  no  need  to  devise  genetic  systems  that 
would  allow  varietal  propagation  through  seed.   Consequently,  sugarcane  genetics  has  received  inadequate 
attention  in  the  past.   In  the  future,  however,  the  science  of  sugarcane  breeding  is  likely  to  develop 
more  rapidly,  and  that  development  will  bring  better  sugarcane  varieties  and  higher  sugar  production. 
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SOIL  AS  A  FACTOR  IN  FLORIDA  SUGARCANE  YIELDS 
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ABSTRACT 


Florida  sugarcane  and  sugar  yields  in  fields  close  to  Lake  Okeechobee  are  outstanding  in  comparison 
to  yields  distant  from  the  lake.   It  is  generally  believed  that  the  yield  differences  are  due  to  the 
modifying  temperature  of  the  lake  as  evidenced  by  the  terms  warm  land  close  to  the  lake  and  cold  land 
distant  from  the  lake.   An  experiment  was  conducted  to  determine  the  effects  of  soil  differences 
on  yields  when  climate  was  standardized.   Sugarcane  was  grown  out  of  doors  in  barrels  at  the  A.R.E.C, 
Belle  Glade.   Six  soils  with  4  replications  were  used.   Five  of  the  soils  were  of  sawgrass  origin  and 
are  now  classified  as  Terra  Ceia,  Pahokee,  or  Okeelanta  mucks;  the  sixth  was  a  custard  apple  soil 
presently  classified  as  Torry  muck.   Fertilizers  were  applied  according  to  soil  test  but  all  barrels 
were  watered  equally.   Under  the  same  climatic  conditions,  yields  of  sugar  per  barrel  averaged  79% 
higher  for  cane  grown  in  the  custard  apple  soil  in  comparison  to  cane  grown  in  the  soils  of  sawgrass 
origin.   The  yield  difference  was  related  to  soil  properties  and  emphasizes  the  importance  of  soil  m 
Florida  sugarcane  production. 
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FIELD  MONITORING  TO  DETERMINE  THRESHOLD  OF 
ECONOMIC  LOSS  DUE  TO  THE  SUGARCANE  BORER,  DIATRAEA  SACCHARALIS 


T.  E.  Summer: 


.1/ 


J.  R.  Orsenig' 
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and  G.  Kidder- 
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ABSTRACT 

Based  on  a  raw  sugar  yield  of  8,000  lb/A,  raw  sugar  price  ca  $0.15/lb,  and  current  chemical 
treatment  costs,  an  economic  return  from  control  measures  may  be  expected  when  an  early  season  field 
borer  infestation  level  exceeds  2%  of  the  stalks  when  survey  determinations  are  averaged  for  the  entire 
field.   The  destruction  of  a  larval  population  with  the  potential  of  producing  800-1000  mature  borer 
larvae  per  acre  should  provide  an  economic  return  over  the  cost  of  one  control  treatment.   A  method  and 
the  factors  involved  in  arriving  at  the  economic  threshold  are  discussed. 


The  absolute  economic  loss  due  to  the  feeding  of  specific  populations  of  sugarcane  borer  larvae 
will  vary  according  to  such  factors  as  stage  of  plant  growth  when  first  damaged,  tolerance  of  the 
variety,  weather  during  hatching,  populations  of  parasites  and  predators,  and  entomophagous  diseases. 
Thus  Hensley  (2)  stated  in  Louisiana  that  a  total  of  10%  bored  joints  resulted  in  a  reduction  of  1.5 
tons  of  cane  per  acre.   Schaff  (3)  reported  that  in  Jamaica  bored  internodes  produced  45%  less  sugar 
than  undamaged  internodes. 

The  actual  losses  that  result  from  sugarcane  borer  damage  occur  in  several  ways:   because  the 
number  of  millable  stalks  is  reduced,  because  of  a  loss  in  gross  tonnage,  because  an  increased  amount 
of  stalk  material  contains  no  sucrose,  or  because  invasion  of  stalks  by  secondary  organisms  such  as 
fungi  reduces  juice  quantity  and  quality  (and  possibly  the  production  of  nonsucrose  sugars).   However 
in  Florida,  each  1%  of  bored  joints  is  considered  to  represent  an  overall  loss  of  1%  sugar  when  all 
these  factors  are  considered.   Therefore,  in  arriving  at  a  workable  and  valid  scheme  for  determining 
a  threshold  of  borer  infestation  that  could  be  used  in  determining  the  need  for  chemical  control,  we 
based  our  calculations  on  the  damage  potential  (percentage  bored  joints)  of  a  single  healthy  sugarcane 
borer  larvae.   We  were  also  guided  by  the  factors  affecting  the  threshold  at  which  chemical  control 
becomes  economical  or  profitable  such  as : 

1.  Market  price  of  sugar. 

2.  Estimated  yield  per  acre. 

3.  Number  of  potential  millable  stalks  per  unit  area. 

4.  Number  of  potential  internodes  per  stalk  and  per  unit  area. 

5.  Variety  susceptibility  or  resistance  to  borer  damage 

(All  Florida  commercial  varieties  at  this  time  are  susceptible). 

6.  Cost  of  insecticides  and  cost  of  application. 

7.  Number  of  borer  larvae  present  and  number  of  those  present  that  are  parasitized. 

8.  Time  of  infestation.   For  example,  a  2%  infestation  in  September  or  October  probably  would  not 
be  considered  important,  but  an  infestation  of  the  same  size  in  May  or  June  would  have  a 
potential  for  increasing  populations. 

In  step  A,  arbitrary  average  values  were  assigned  each  of  the  8  factors.  These  values  have  been 
confirmed  as  both  possible  and  reasonable  on  the  basis  of  experience  and  data  collected  over  the  past 
years.  Of  course,  in  an  actual  situation,  values  should  be  varied  to  fit  known  information,  (such  as 
soil  type,  water  control,  plant  or  stubble  cane,  distance  from  Lake  Okeechobee,  etc.,  with  which  each 
grower  is  familiar) . 


Factor 

1 .  Price  of  raw  sugar 

2.  Potential  yield,  cane 

3.  Potential  yield,  sugar 

4.  Potential  millable  stalks 

5.  Potential  internodes/stalk 

6.  Potential  internode  (total) 

7.  Variety  is  susceptible,  and  1  borer 
damages  average  of  3  internodes 

8.  Cost  of  material  and  application 

Single  application 
3  applications 

9 .  Month 


Value 

$0.15/lb 
40  T/A 
8,000  lb/A 
40,000/A 
18/stalk 
720,000/A 


$4.00 

$12.00 

June 


1/USDA,  ARS,  Canal  Point,  FL  33438. 

2/ Agricultural  Research,  Florida  Sugar  Cane  League,  Inc.,  Clewiston,  FL  33440. 

3/University  of  Florida,  IFAS,  Cooperative  Extension  Service,  Belle  Glade,  FL  33430. 
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Then  in  step  B,  the  threshold  was  calculated  as  follows: 


1. 
2. 
3. 
4. 
5. 


6. 


Return  from  8,000  lb  sugar  @  $0.15 
40,000  stalks  with  18  internodes  each 
720,000  internodes  worth 
One  internode  worth 

One  healthy  borer  can  damage  3  inter- 
nodes; therefore,  each  borer 
potentially  destroys 
Cost  of  1  chemical  application 


$1,200.00 

720,000 
$1,200,00 
$0.00167 


$0,005 
$4.00 


So  2  200  internodes  must  be  saved  or  800  borer  destroyed  to  defray  the  cost  of  1  application  of 
chemical  '  Also  7,200  internodes  (a  minimum  of  2,400  borers  destroyed)  would  have  to  be  saved  to  defray 
the  cost  of  3  applications.   In  addition  one  acre  of  sugarcane  equals  8,712  linear  feet  of  row. 

Thus  the  threshold  for  one  application  is  reached  if  the  damage  done  by  800  borers  represents  the 
cost  of  one  chemical  application,  that  is,  when  the  infestation  exceeds  an  average  of  1  borer/ 11  linear 
feet  of  row,  approximately  a  2%  infestation  based  on  a  percentage  of  infested  stalks.   If  a  three- 
application  program  is  anticipated,  an  average  of  1  borer/3.6  feet  of  row,  that  is,  an  approximately 
6%  Infestation,  would  be  required  throughout  the  application  period  (1  borer/11  feet  of  row,  three  times). 

However,  the  decision  to  treat  at  2%,  6%,  or  any  other  level  of  infestation  should  be  based  in  part 
on  the  percentage  infestation  during  the  first  month  of  the  season  (May)  since  this  and  the  ^b" 
of  parasites  and  predators  present  will  determine  the  degree  of  damage  that  could  be  done  by  succeeding 
generations  of  the  borer.   The  time  needed  for  a  complete  life  cycle  of  the  borer  is  28-45  days 
depending  upon  the  temperature.   In  Florida,  between  June  and  September,  it  averages  30  days;  however 
there  is  much  overlapping  of  generations,  and  it  is  rare  that  more  than  three  applications  are  required. 

By  our  method,  field  surveys  must  be  made  to  determine  levels  of  borer  infestation,  and  we  have 
ourselves  used  several  such  systems.   Our  practice  has  been  to  sample  five  43.5  feet  row  portions/40A 
block.   These  five  samples  are  not  rigidly  systemized,  but  are  made  down  and  across  each  block. 

Mr  Gene  Dodgen  (1)  of  A.  Duda  and  Sons  reported  another  method  during  the  February  24  Sugarcane 
Grower's  Seminar:   Beginning  June  1  surveys  for  sugarcane  borer.   Samples  50  ft  of  row  at  4  places 
diagonally  across  a  block.   Sprays  if  2%  of  stalks  inspected  have  live  borers. 

Plainly,  cane  growers  should  be  aware  of  the  need  to  monitor  fields  from  June  1  until  the  crop  is 
harvested.   They  should  also  remember  that  fields  sprayed  with  insecticides  for  control  of  aphids,  mites 
the  less  corn  stalk  borer,  Elasmopalpus  lignosellus  (Zeeles),  or  other  insects  would  be  watched  carefully 
since  natural  borer  predator/parasite  levels  are  depressed  by  spraying  for  the  other  pests. 
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INTRODUCTION 

In  sugarcane,  the  Florida  water  rat,  Neofiber  alleni,  is  a  fossorial  rodent  living  in  distinct 
colonies.   Samol  (2,  3)  indicated  that  this  species  rarely  moves  far  from  its  burrow  systems.   The 
primarily  subterranean  existence  of  Neofiber  differs  from  that  of  other  rat  species  (mostly  Rattus 
rattus  and  Sigmodon  hispidus)  inhabiting  sugarcane.   These  other  species  may  use  Neofiber  burrows 
for  shelter  or  nesting,  but  trapping  results  (4)  indicate  that  they  spend  considerable  time  away 
from  burrows.   This  difference  in  habits  between  Neofiber  and  other  rat  species  in  sugarcane  probably 
limits  the  effectiveness  of  standard  control  measures  (e.g.  baiting  of  field  edges)  against  Neofiber. 
Knowledge  of  Neofiber  behavior  and  ecology  will  enhance  the  ability  to  develop  appropriate  control 
techniques. 

There  are  at  least  three  types  of  damage  which  may  be  associated  with  Neofiber.   Gnawing  and  con- 
sumption of  the  cane  stalk  (and  possibly  root  systems)  may  result  in  either  the  death  of  the  stalk 
or  deterioration  of  the  juice  quantity  and  quality.   Burrowing  activity  undermines  cane  stools  which 
may  cause  reduced  production  or  permanent  damage  to  the  stool.   Burrow  systems  may  aid  in  the  start 
and  spread  of  muck  fires. 

A  study  was  undertaken  in  January  1976  to  determine  the  distribution  of  Neofiber  and  to  quantify 
the  damage  and  burrowing  patterns  associated  with  its  presence.   The  intent  of  this  paper  is  to  present 
data  from  this  study  on  Neofiber  burrowing  activity  and  damage  to  sugarcane  during  the  middle  of  the 
growing  season. 

METHODS 

The  west  half  of  field  45-H-25  (18.8  acres)  in  the  Western  Division  of  the  U.  S.  Sugar  Corporation 
was  selected  for  use  in  an  intensive  study  of  the  burrowing  and  damage  related  to  Neofiber.   This  field 
was  selected  because  it  contained  a  substantial  number  of  separate  Neofiber  burrow  systems  (colonies). 
It  also  contained  substantial  areas  without  Neofiber  burrowing  activity  from  which  to  select  control 
samples  for  use  in  damage  assessment.   The  field  had  variety  Cl  54-378;  the  third  stubble  was  cut  on 
30  December  1975. 

In  March  1975,  all  burrow  openings  in  colonies  that  showed  active  digging  were  marked  with  numbered 
stakes  and  mapped.   In  June,  six  of  these  colonies  that  still  showed  signs  of  burrowing  activity  were 
selected  for  further  study.   Old  and  new  burrows  in  these  six  colonies  were  mapped  each  month  from 
June  through  September. 

In  July,  based  on  the  June  mapping,  a  random  sample  of  40  burrow  sites  was  selected  for  damage 
assessment  locations.   The  sample  consisted  of  15  sites  selected  from  new  burrows  and  25  sites  from 
old  burrows.   A  new  burrow  was  considered  to  be  one  that  appeared  since  the  March  mapping,  and  an  old 
burrow  as  one  present  in  March.   A  sample  point  consisted  of  8  feet  of  cane  row,  4  feet  on  each  side 
of  the  mid-point  of  the  sample  burrow. 

The  control  sample  consisted  of  40  randomly  selected  sites  (each  8  feet  in  length)  along  three 
established  transects  (cane  rows)  in  the  portion  of  the  field  that  did  not  contain  Neofiber  burrows. 
These  transects  provided  1100  feet  of  cane  row  from  which  to  select  the  control  samples.   Initially, 
all  control  samples  were  at  least  100  feet  from  any  group  of  burrows,  either  active  or  inactive. 

The  total  number  of  stalks  and  the  number  of  stalks  damaged  by  gnawing  were  counted  within  each 
sample  point.   In  addition,  at  burrow  sample  points,  it  was  noted  whether  the  central  burrow  directly 
undermined  a  cane  stool. 

The  same  procedure  was  followed  in  August.   Sampling  was  based  on  maps  made  in  August  prior  to 
damage  assessment.   Fifteen  sample  points  were  selected  randomly  from  old  burrows  (burrows  present  in 
July  or  earlier)  and  15  were  selected  randomly  from  new  burrows.   Forty  control  sample  points  were 
randomly  selected. 
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RESULTS  AND  DISCUSSION 

The  maiority  of  burrow  entrances  were  observed  to  occur  along  the  cane  drill  with  only  a  few 
openings  in  the  aisles  between  rows.   Burrows  frequently  directly  undermined  cane  st ools   In  July, 
72%  of  the  old  burrows  and  80%  of  the  new  burrows  undermined  stools.   In  August,  93  and  87%  of  the 
old  and  new  burrows,  respectively,  undermined  stools. 

Burrowing  activity  is  summarized  in  Table  1.   In  general,  burrowing  activity  increased  between 
March  and  June,  except  in  Colony  20.   Since  June,  colony  size  appears  to  haye  stabilized  with  °nly 
slight  movement  intonew  cane.   New  burrows  appeared  each  month,  but  a  portion  of  the  o  d  ur  o    1 so 
became  inactive,  resulting  in  a  relatively  constant  number  of  burrow  openings  each  month  since  June. 
Although  the  size  of  Colony  22  has  remained  approximately  the  same  as  in  July,  there  has  been  a 
relatively  higher  rate  of  new  burrowing  in  this  colony  than  in  the  others. 


Table  1. 


Total  number  of  burrows  in  Neofiber  colonies  during  the  interval  March  to  September  1976. 


No.  burrows 


Colony 


15 
16 
20 
22 

Mean 
SE 


March 


74 
4 
18 
18 
17 
19 

25.00 
10.07 


June 


93C54)1 

40(37) 

37(27) 

76(65) 

14(4) 

47(34) 

51.17(36.83) 
11.68(8.70) 


July 


66(9) 

36(3) 

43(11) 

70(10) 

12(0) 

62(20) 

48.17(8.83) 
9.07(2.85) 


August 


60(2) 
34(1) 
40(2) 
63(1) 
12(0) 
60(6) 

44.83(2.00) 
8.18(0.86) 


h 


umber 


of  new  burrows  appearing  each  month  in  each  colony  is  given  in  parentheses. 


September 

65(9) 
36(4) 
43(6) 
55(3) 
11(1) 
60(12) 

45.00(5.83) 
8.10(1.66) 


Variations  in  burrowing  activity  between  colonies  may  be  due  to  several  factors.   Age  and/or  sex 
structure  of  rats  that  comprise  each  colony  may  influence  the  dynamics  of  burrowing  activity   The 
length  of  time  each  colony  has  been  established  in  the  field  and  interactions  of  Neofiber  with  other 
rat  species  may  also  be  factors.   Further  observations  and  live-trapping  in  these  colonies  may  reveal 
reasons  for  variations. 

Unpaired  t-tests  of  data  collected  in  July  and  August  showed  significantly  more  stalks  damaged  in 
sample  points  containing  burrows  (old  and  new)  than  in  the  control  sample  points  (Table  2).   The 
number  of  damaged  stalks  did  not  vary  significantly  between  new  and  old  burrows  in  each  month. 


Table  2.   Mean  number  of  sugarcane  stalks  damaged  by  gnawing  at  each  sample  point, 


Month 

July 

August 


Control 

No.  stalks 

fMean  +  SE 


0.10  +  0.07 

(0.3) 
0.73  +  0.18 

(2.6) 


Old  burrow 
No.  stalks 
[Mean  +  SE 

0.72  +  0.31a 

(3.7) 
4.20  +  0.98c 
(17.1) 


New  burrow 
No.  stalks 
iMean  +  SE 

(S3 


2.20  +  0.88D 

(10.9) 
3.26  +  0.61c 

(12.8) 


1  Mean  percent  of  stalks  damaged  by  gnawing  at  each  sample  point. 
a  Differs  from  control  (P<0.10). 
b  Differs  from  control  (P<0.05). 
c  Differs  from  control  (P<0.01). 

The  July  mean  number  of  total  stalks  per  control  sample  point  (X  =  29.10)  was  significantly  greater 
(P<0.05)  than  both  the  mean  number  at  old  burrows  (X  =  19.24)  and  new  burrows  (X  =  20.27).   All  stalks, 
including  small  sprouts,  were  included  in  this  count,  and  it  is  therefore  not  necessarily  a  true 
representation  of  the  relative  numbers  of  potentially  harvestable  stalks  in  each  area.   In  August   sprouts 
were  not  counted.   No  significant  difference  was_detected  between  burrow  and  control  sample  point  stalk 
counts  in  August  (control  X  =  27.48;  old  burrow  X  =  24.60;  new  burrow  (X  =  25.53)    "JJ^-^uSiSt 
data  for  July,  August  and  succeeding  months  until  harvest  will  be  necessary  to  determine  the  variability 
in  stalk  counts  and  its  effect  on  the  number  of  damaged  stalks. 
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New  burrow  counts  in  July  included  burrows  which  had  appeared  over  a  4-month  period,  whereas  August 
counts  included  only  those  made  since  the  previous  month's  mapping.   Therefore,  the  relative  proportion 
of  new  to  old  burrows  was  high  in  July  and  low  in  August. 

It  should  be  noted  that  the  damage  to  sugarcane  near  burrows  is  not  necessarily  caused  solely  by 
Neof iber ;  other  rat  species  probably  contribute  to  this  damage. 

CONCLUSIONS 

The  damage  was  greater  around  Neof iber  burrow  systems  than  in  control  areas  during  the  seventh 
and  eighth  months  of  the  growing  cycle  in  the  study  field.   The  damage  and  burrowing  will  be  followed 
each  month  until  harvest.   At  that  time,  it  will  be  determined  if  the  number  of  millable  stalks 
differs  significantly  between  the  burrow  and  control  areas. 

As  noted  earlier,  the  consumptive  or  gnawing  damage  is  not  the  only  aspect  of  Neof iber  damage. 
The  possible  loss  of  future  production  of  cane  stools  undermined  by  burrows  should  be  considered. 
Therefore,  if  the  field  is  not  replanted,  the  fate  of  undermined  stools  will  be  determined  when  the 
cane  resprouts  after  harvest. 

Data  on  damage  related  to  Neof iber  colonies,  coupled  with  burrowing,  movement,  distribution,  and 
reproductive  information  on  this  species  will  be  utilized  to  delineate  the  impact  of  Neof iber  on  sugar- 
cane production.   The  safest  and  most  effective  control  measures  can  then  be  prescribed. 
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IMPROVED  TWO  AND  A  HALF  BOILING  SYSTEM 

Guillermo  Aleman 

Glades  Sugar  House 

Bell  Glade,  Florida 

Fro.  what  we  have  seen  in  several  sugar  processing  countries  we ;  still  find  that  the  »ost  practical 
and  rewarding  processing  system  for  boiling  sugar  massecuites,  as  to  quality  of  sugar,        y 
consumption,  is  the  so  called  Two  and  a  Half  Boiling  System. 

First  (A):   One  Virgin  (A-l)  and  one  Non-Virgin  (A-2). 

by  *"£&  2TJSS:  1: 3T£i-£  ^"STS  SS  ™r^  rS'» 

all  over  the  sugar  world. 

The  advantages  of  the  system  are  well  known,  and  it  is  not  the  intent  of  this  paper  to  prove  them 
again.   They  ^already  been  amply  discussed  and  chemically  and  matehmatically  proven  in  the  past. 

The  concern  today  is  that  there  is  a  market  for  raw  sugar  of  high  quality,  either  for  "fineries 
that  for  on! Treason  or'another  require  such  high  standards,  or,  in  some  other  countries,  for  direct 
consumption. 

Tn  this  case   the  Two  and  a  Half  Boiling  System  is  perfectly  ad  hoc  because   by  itself   it  permits 
the  production  of  high  quality  sugar  without  hurting  the  recovery  and  without  requiring  any  increase  in 
the  steam  consumed  by  the  vacuum  pans. 

„  .   ■*     nil  M-i-V,   or  are  reauired  to  go  beyond  what  could  be  called  a  high  quality  raw  sugar, 
that  i rifle^i  "   ^  a'toVoduce'rawlu  a/of  such  a  high  quality  that  it  would  be  detrimental  to 
our  recovery  and/or  our  steam  balance  or  vacuum  pan  and  centrifugal  stations  ^^'.ZJZollta 
(practically  without  the  addition  of  any  important  or  expensive  equipment)  to  the  Improved  Two  and  a 
Half  Boiling  System. 

The  essential  difference  is  that  in  this  innovation  to  the  original  system,  the  A-2  sugar  is  washed 
in  the  cltrif "gals  up  to  the  point  necessary  to  fulfill  the  degree  of  quality  required  by  the  new  market. 

Of  course   this  washing  would  raise  the  purity  of  the  A-2  molasses  and  consequently  the  purity  of 
the  C  massecuite;  but  this  if  prevented  by  separating  the  real  A-2  molasses  from  the  A-2  washings. 

Here  we  have  the  only  equipment  that  needs  to  be  added,  and  it  is  quite  simple,  inexpensive,  easy 
to  install,  and  easy  to  operate  automatically. 

washing),  we  cannot  depend  on  human  determination. 

In  the  flow-sheet  of  the  system  (Fig.  1),  we  show  the  modus  operandi  of  the  system. 

We  have  not,  on  purpose,  indicated  numerical  figures,  because  many  of  them  would  depend  mainly  on  the 
initial  purity  of  the  cane  juice  and  the  kind  of  impurities  and  their  relative  proportion. 

We  will  start  by  graining  up  for  6-C  massecuites  by  full  pan  seeding  on  a  charge  mixture  of  syrup 
and  JllsllWf   68-70?  urity.g  After  the  nucleation  has  been  brought  together  enough   the  pan  is  then 
fed  with  A-l  molasses  up  to  the  calculated  height  for  the  changing  over  to  A-2  molasses. 

The  time  or  height  in  the  vacuum  pan  for  the  changing  is  a  function  of  the  purities  of  the  A-l  and 
A-2  molasses  and  sKeS  purity  desirable  in  the  6-C  massecuites  which  will  be  made  by  cutting  over  between 
the  pans  and  the  C  seed  tanks. 

The  C  massecuites  are  cooled  off  in  the  crystallizers  in  a  continuous  way   If  Workspoor  ^allizers 
are  available,  so  much  the  better.   If  not,  we  can  always  arrange  our  crystallizers  so  that  we  can 
plish  the  cooling  off  in  a  continuous  and  steady  manner. 
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Figure  1.   Improved  Two  and  a  Half  boiling  system  for  the  making  of  high  quality  sugar  while  obtaining 
high  sugar  recovery. 

The  C  sugar  magma  is  made  with  clarified  juice,  the  advantage  being  that  hot  clarified  juice  will 

take  care  of  melting  the  fine  grains  that  are  always  produced  by  grinding  in  the  centrifugals  (especially 

if  they  are  continuous)  in  the  sugar  scroll  conveyors,  in  the  magma  mingler  itself,  as  well  as  in  the 
magma  pump . 

Otherwise,  these  fines  would  have  to  be  melted  in  the  vacuum  pan  when  charging  the  magma  footings 
to  be  developed,  thus  taking  up  time  and  steam. 

As  you  can  see  in  the  flow-sheet,  the  magma  tank  in  the  vacuum  pan  floor  has  an  overflow  which  falls 
by  gravity  into  a  melter. 

Since  the  C  sugar  crystals  are  supposed  to  be  as  small  and  numerous  as  the  C  centrifugals  permit,  a 
relatively  small  proportion  of  the  magma  is  used  for  footing  the  A-l  and  A- 2  massecuites;  the  excess 
magma  is  melted  with  clarified  juice  and  mixed  with  the  syrup. 

Since  a  large  proportion  of  magma  is  melted,  we  have  the  advantage  of  purification  by  recrystalliza- 
tion.   Since  the  magma  and  the  melting  are  made  with  clarified  juice  and  not  with  water,  we  do  not  have 
extra  steam  consumption  other  than  that  represented  by  evaporating  this  juice  in  simple-effect  in  the 
vacuum  pans  instead  of  in  multiple-effect  in  the  evaporators. 

The  magma  is  charged  into  the  vacuum  pans,  which  are  fed  with  syrup  to  develop  the  crystals,  and 
by  means  of  cutting  over  between  the  vacuum  pans  and  the  A  footing  tanks,  the  crystals  reach  the  proper 
size  for  footing  A-l  and  A- 2  massecuites. 

The  A-l  massecuite,  as  we  said  at  the  beginning  (and  this  is  most  important  to  us),  is  virgin.   It's 
made  on  a  developed  magma  footing  and  completed  with  syrup.   Its  purity  is  not  controlled;  it  will  depend 
on  the  combined  purity  of  the  syrup  and  the  C  sugar  magma.   Its  brix  is  about  93.5%. 


154 


It  is  recommended  to  cool  off  this  massecuite  in  the  crystallizers  about  10-12  F;  but  by  forced 
cooling   that  is,  in  a  crystallizer  with  cooling  elements  so  that  the  drop  in  temperature  can  be  achieved 
in  no  more  than  3  or  4  hours.   Otherwise,  the  sooner  you  send  it  to  the  centrifugals  the  better. 

This  massecuite  will  render  commercial  raw  sugar  of  highest  quality  in  the  centrifugals  without 
requiring  much  washing.   The  purity  drop  between  massecuite  and  molasses  will  be  about  20  or  even  larger, 
depending  of  course,  on  how  high  a  quality  of  sugar  is  required  and  whether  or  not  the  massecuite  was 
cooled  off  in  the  crystallizers  before  drying.   It  is  not  necessary  to  separate  the  molasses  from  the 
washing. 

The  A-2  massecuite  is  made  on  a  footing  of  developed  magma  and  fed  with  syrup,  magma  melt  and/or  A-l 
molasses  and  A-2  washings. 

It  is  in  this  massecuite  that  the  purity  control  of  the  process  is  effected  to  achieve  the  goal  of 
producing  high  quality  sugar  while  achieving  optimum  recovery. 

Purity  is  controlled  to  that  value  which  will  render  proper  purity  in  the  A-2  molasses  to  enable  C 
massecuites  of  58-60%  purity  to  be  made  from  it.   In  general,  this  purity  is  77-78,  the  brix  94-94.5. 

This  massecuite,  after  being  cooled  off  10-12  F  in  the  crystallizers,  will  render,  in  the  centrifugals, 
sugar  of  quality,  almost  similar,  if  not  the  same,  as  the  A-l  massecuite.   Of  course,  it  will  need  more 
washing  in  the  centrifugal,  hence  the  necessity  of  separating  the  molasses  from  the  washing. 

If  the  massecuite  is  properly  handled  in  the  vacuum  pans,  the  purity  is  77-78,  the  brix  is  94.5,  and 
it  is  adequately  cooled  off  in  the  crystallizers,  the  A-2  molasses  is  about  56  purity  and  the  washing  is 
about  66  purity. 

The  above  figures  are  not  estimated,  but  actually  achieved  in  factories  where  the  process  is 
practiced,  including  factories  producing  plantation  white  for  direct  consumption. 

The  washing  is  sent  over  to  the  A-l  molasses  tanks  to  be  used  as  such. 

The  process  for  the  C  massecuites  has  been  described  above.   The  brix  should  be  controlled  at 
about  97.5.   The  purity  and  the  amount  of  final  molasses  will  depend,  of  course,  on  the  nature  of  the 
cane  juice  being  dealt  with,  mainly,  the  glucose-ash  ratio. 

We  know  of  a  large  factory  (raw  and  refinery  combined)  working  with  this  process  where  more  than 
507  of  the  production  is  melted  and  refined.   The  melt,  naturally,  has  to  be  of  top  quality.   In  this 
particular  case,  the  A-l  sugar  is  washed  too  and  the  molasses  and  washings  separated.   This  washing  is 
pumped  to  the  syrup  tanks  to  be  used  as  such.   The  final  molasses  in  this  factory  is  of  32-33  purity, 
notwithstanding  the  fact  that  the  C  massecuites  are  cured  in  continuous  centrifugals,  which  always 
produce  a  final  molasses  1.5-2  over  the  batch  machines.   The  amount  of  final  molasses  is  6.5  gal  of  8H 
brix  per  short  ton  of  cane. 

In  other  factories  producing  plantation  white  by  sulfitation,  100%  for  direct  consumption  the 
final  molasses  is  35-36  purity,  mainly  due  to  the  fact  that  they  are  being  operated  well  above  their 
designed  capacity,  and  most  of  the  time  the  C  massecuite  purity  is  not  held  between  58  and  60,  but 
many  times  is  62  and  63.   The  amount  of  final  molasses  is  just  5.3  gal  of  88   brix  per  short  ton  of 
cane. 

In  the  above  three  cases,  the  purity  of  the  juice  is  82  in  the  first  case  and  85  in  the  last  two. 

As  a  matter  of  fact,  in  the  case  of  the  factory  with  refinery,  the  consumption  of  steam  is  1150- 
1200  ps/ton  of  cane  ground. 

In  the  cases  of  the  factories  making  plantation  white,  the  steam  consumption  is  950-1000  ps/ton 
of  cane. 


155 


156 


PAPERS  PRESENTED  AT  1976  MEETING  OF  LOUISIANA  DIVISION 

Baton  Rouge,  Louisiana 

February  5-6,  1976 


157 


1/ 

RESPONSE  OF  SUGARCANE  TO  SUBSURFACE  DRAINAGE  IN  THE  FIELD- 

C.  R.  Camp  and  C.  E.  Carter 

US DA,  ARS 

Baton  Rouge,  Louisiana 

ABSTRACT 

Five  subsurface-drainage  treatments  were  installed  on  Mhoon  silty  clay  loam  soil  to  determine 
yield  response  of  sugarcane  to  these  treatments  under  field  conditions.   Two  years  of  data  show  that 
subsurface  drainage  increased  sugar  and  sugarcane  yields  up  to  25  and  28%,  respectively.   Increased 
yields  in  drained  plots  probably  were  due  to  a  20%  increase  in  plant  population  over  that  in  undrained 
areas.   Yields  for  the  undrained  check  area  decreased  from  the  plant  to  ratoon  crop  but  remained  about 
the  same  for  the  drained  plots.   Additional  data  will  be  required  before  definite  conclusions  can  be 
reached  regarding  the  yield  response  of  sugarcane  to  subsurface  drainage  under  field  conditions. 

INTRODUCTION 

Good  surface  drainage  must  be  maintained  to  assure  timely  field  operations  and  good  crop  growth  on 
the  slowly  permeable,  alluvial  soils  of  the  lower  Mississippi  Valley.   Surface  drainage  for  this  region 
has  improved  during  the  past  10  to  15  years  with  the  development  and  acceptance  of  precision  land  grading. 
The  elimination  of  water  ponding  in  surface  depressions  allows  the  surface  layers  to  dry  faster  and 
reduces  the  amount  of  water  infiltrating  and  moving  through  the  soil  profile  to  the  water  table.   High 
water  tables  continue  to  exist  in  many  soil  profiles,  however,  especially  during  the  winter  when  rainfall 
amount  and  frequency  are  high  and  evapotranspiration  is  low.   For  annual  crops  this  problem  can  sometimes 
be  alleviated  by  delaying  spring  planting  until  the  water  table  has  fallen  to  an  acceptable  level.   How- 
ever, for  perennial  crops  like  sugarcane,  a  high  water  table  during  winter  and  early  spring  may  damage 
the  ratoon  crops,  since  they  initiate  growth  each  spring  from  stubble  overwintering  in  the  soil. 

Carter  and  Floyd  (3,  4)  found  that  sugarcane  yield  and  longevity  in  Louisiana  increased  when  the 
water  table  was  controlled  to  prevent  prolonged  saturation  in  the  root  zone.   These  results  were 
obtained  on  small,  concrete-bordered  plots  where  the  water  table  was  precisely  controlled  and  excess 
water  in  the  root  zone  was  removed  quickly.   Later,  Carter  and  Floyd  (5)  tested  the  yield  response  of 
sugarcane  to  high  water  tables  during  the  dormant  season  by  maintaining  the  water  table  12,  30,  and  48 
inches  below  the  soil  surface  only  during  the  growing  season  (April  through  November)  for  2  years 
followed  by  a  2-year  period  when  these  three  water  table  levels  were  maintained  during  both  growing  and 
dormant  seasons.   During  the  first  2  years  of  the  experiment,  the  water  table  during  the  dormant  season 
(December  through  March)  was  maintained  at  about  42  inches  below  the  soil  surface,  and  no  significant 
difference  in  yield  was  measured  among  these  three  water  table  treatments.   When  water  tables  were 
maintained  during  both  the  dormant  and  growing  seasons,  the  average  yield  of  the  second  ratoon  crop 
for  both  the  12-  and  30-inch  water  table  treatment  was  7.7  tons/acre  (17%)  less  than  for  the  48-inch 
water  table  treatment.   During  the  third  ratoon  crop,  the  yields  for  the  12-  and  30-inch  water  table 
treatments  were  17.7  and  7.1  tons/acre  (54  and  22%)  less,  respectively,  than  for  the  48-inch  water 
treatment. 

Field  subsurface  drainage  systems  cannot  provide  the  precise  control  of  the  water  table  provided 
by  these  small,  concrete-bordered  plots.   However,  Camp  and  Carter  (1)  found  that  several  subsurface 
drainage  systems  installed  using  commercially  available  materials  and  procedures  performed  well  for  a 
Mhoon  silty  clay  loam  soil.   These  systems  consist  of  several  drain  line  depth-spacing  combinations 
that  are  comparable  with  those  used  for  farm  subsurface  drainage.   Measurement  of  sugarcane  response 
to  these  commercially  installed  subsurface  drainage  systems  was  started  in  1973.   This  paper  reports 
these  findings  (2  years  of  data)  and  provides  preliminary  analysis  of  these  data. 

EXPERIMENTAL  PROCEDURE 

Various  drain  line  depth-spacing  combinations  were  calculated,  using  several  design  equations 
and  a  range  in  parameter  values  for  soil,  crop,  and  climate.   From  these  combinations,  the  drainage 
system  designs  for  this  experiment  were  selected  using  spacings  (20,  30,  40,  and  80  ft)  both  narrower 
and  wider  than  40  feet,  the  spacing  considered  ideal  for  the  selected  soil  and  crop  (Table  1).   These 
system  designs  provided  a  range  of  soil-water  conditions  under  which  sugarcane  growth  and  response 
could  be  evaluated.   Additional  details  regarding  design  calculations,  experimental  design,  installa- 
tion procedure,  and  experimental  procedure  have  been  given  by  Camp  and  Carter  (1). 


1/Research  conducted  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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The  experimental  area  is  about  3  miles  north  of  Houma,  Louisiana,  on  a  25-acre  site  of  Mhoon  silty 
clay  loam  (sicl)  soil.   Before  drain  lines  were  installed  the  field  was  precision  graded  to  surface 
slones  of  0  15  to  0.20%.   All  subsurface  drainage  systems  used  as  treatments,  except  No.  5   consisted 
of  four  parallel,  4-inch-diameter  corrugated  polyethylene  drain  lines  connected  to  a  6-mch-diameter 
main  line   The  main  lines  ended  in  a  separate  collection  symp  for  each  plot.   Treatment  No.  5  had  only 
three  parallel  drain  lines  2  inches  in  diameter.   Electric,  submersible  pumps  discharged  the  water  from 
each  sump  into  an  adjacent  drainage  ditch.   The  plots  with  subsurface  drainage  treatments  ranged  from 
1  to  5.6  acres  in  size,  depending  upon  the  number  and  spacing  of  drain  lines.   The  check  area  was  pre- 
cision graded,  but  had  no  subsurface  drainage.   This  area  (about  1.5  acres)  was  about  1  mile  from  the 
drained  area  to  avoid  the  influence  of  the  subsurface  drainage  systems.   Areas  withand  without  sub- 
surface drainage  will  be  referred  to  as  drained  and  undrained  areas,  respectively,  m  this  paper. 

Water  table  depth  was  measured  weekly  in  wells  installed  in  selected  sugarcane  rows  in  both 
drained  and  undrained  areas.   The  wells  were  cased  to  a  depth  of  about  4.5  ft  with  3/8-inch  perforated 
pipe.   Rainfall  was  measured  with  a  recording-type  gauge  located  adjacent  to  the  drained  area. 

The  experimental  area  was  planted  to  sugarcane  (CP  52-68)  in  August  1973,  and  the  first  crop  was 
harvested  in  December  1974.   The  cooperating  grower  followed  normal  planting,  pesticide,  cultivation 
and  harvesting  practices  (7).   Fertilizer  was  applied  in  late  April  each  year  at  rates  of  180,  40,  and 
80  lb/acre  of  nitrogen,  phosphate  (P205)  and  potassium  (K20) ,  respectively.   The  nitrogen  rate  was 
determined  by  the  grower  but  other  rates  were  based  on  analyses  of  soil  samples  collected  each  year. 
Yields  for  each  treatment  were  determined  from  50-ft-long  subplots  directly  over  and  midway  between 
drain  lines  at  three  locations  along  the  rows.   Within  each  subplot,  plant  population  was  counted  and 
a  sample  of  10  stalks  was  collected  for  determining  juice  quality.   Sugar  per  ton  of  cane  was  determined 
for  these  samples  in  the  laboratory  using  the  procedure  described  by  Legendre  (6).   All  data  were 
analyzed  by  analysis  of  variance.   Differences  among  treatments  and  between  treatment  and  check  were 
determined  by  Tukey's  honestly  significant  difference  (HSD)  procedure. 

RESULTS  AND  DISCUSSION 


the  effects  of  a  high  water  table  on  sugarcane  yields  during  the  dormant  season  for  the  plant  crop. 
Carter  and  Floyd  (5)  found  that  sugarcane  was  most  susceptible  to  damage  by  high  water  tables  during 
the  dormant  season.   Although  these  water  table  data  are  not  continuous  for  the  entire  year  and  only 
weekly  measurements  were  made,  the  water  table  in  the  check  area  did  not  seem  to  rise  above  about  12 
inches  below  the  soil  surface  at  any  time  during  1974.   However,  the  water  table  in  the  check  area 
began  falling  as  soon  as  rapid  sugarcane  growth  started  in  the  spring,  even  with  frequent  rainfall. 
A  relatively  low  water  table  level  continued  through  the  growing  season  until  September  and  October 
when  evapotranspiration  decreased.   No  water  table  data  was  obtained  during  November  and  December 
because  the  wells  were  removed  during  sugarcane  harvest. 

Rainfall  and  water  table  data  in  the  undrained  check  for  1975  are  shown  in  Fig.  2.   The  total 
rainfall  was  71.5  inches,  5.8  inches  above  the  long-term  average  for  this  location.   During  the 
dormant  season  preceding  this  crop  year,  however,  rainfall  was  lower  than  for  the  previous  year 
Increased  rainfall  in  February  and  March  caused  the  water  table  to  rise  to  within  8  inches  of  the 
soil  surface  near  the  end  of  March.   As  sugarcane  growth  began,  the  water  table  fluctuated  widely 
instead  of  falling  as  in  1974.   These  fluctuations  persisted  throughout  the  growing  season,  as  the 
water  table  rose  and  fell  in  response  to  rainfall.   On  several  occasions  the  water  table  was  at  or 
very  near  the  soil  surface.   At  harvest,  rainfall  decreased  and  the  water  table  fell  to  36  inches 
during  November  and  December. 

On  the  other  hand,  the  water  table  in  all  subsurface-drained  treatments  was  at  least  42  inches 
below  the  soil  surface  within  4  days  after  a  4-inch  rainfall  (1).   Lack  of  continuous  measurement 
prevents  definite  statements  on  the  maximum  water  table  height,  but  from  experience  we  can  safely 
say  the  water  table  did  not  remain  higher  than  24  inches  below  the  soil  surface  for  more  than  2  days 
after  heavy  rainfall.   Further  hydraulic  data  and  techniques  for  evaluating  soil  hydraulic  properties 
at  this  site  will  be  reported  in  another  paper. 
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JAN  FEB  MAR   APR  MAY   JUN   JUL  AUG  SEP  OCT  NOV  DEC 

MONTHS- 1974 

Fig.    1.      Weekly  rainfall   and  water   table   level    in   the   undrained   check   area   at   Houma,    Louisiana,    during 
1974. 
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MONTHS- 1975 

Fig.  2.   Weekly  rainfall  and  water  table  level  in  the  undrained  check  area  at  Houma,  Louisiana,  during 
1975. 
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Plant  population,  sugarcane  yield,  sucrose  content,  and  yield  of  sugar  per  acre  for  the  plant  crop 
(1974)  are  given  in  Table  1  for  all  treatments.   Plant  population  at  harvest  for  the  undrained  check 
area  was  significantly  higher  than  Treatments  Nos .  2,  4,  and  5,  but  was  not  different  from  Treatments 
Nos   1  and  3.   Sugarcane  yields,  sugar  yields,  and  sucrose  content  did  not  differ  sigm  icantly  among 
treatments  or  between  drained  treatments  and  the  undrained  check  area.   In  the  first  raoon  crop  (1975) 
plant  population  was  significantly  lower  for  the  undrained  check  area  than  for  any  of  the  gained 
treatments  (Table  2).   Sugarcane  and  sugar  yields  were  significantly  lower  for  the  undrained  check 
and  Treatment  No.  2  than  for  other  drained  treatments.   Since  measurements  indicated  Treatment  No.  2 
was  adequately  drained,  factors  other  than  drainage  probably  caused  this  lower  yield. 


Table  1. 


Plant  population,  sugarcane  yield,  sucrose  content,  and  yield  of  sugar  per  acre  for  plant  crop 
(1974)  from  various  drainage  treatments. . . 


Treatment 


No. 


Drain 
depth 


Drain 
spacing 


Plant 
population 


Sugarcane 
yield 


Sucrose 
content 


Sugar 
yield 


(ft) 


_____ 


(stalks/acre) 


(tons/acre) 


(%) 


1 

2 
3 

4 
5 
Check 


4.5  40 

3.5  30 

4.5  40 
w/spun  nylon  filter 

4.5  80 

3  20 
none 


HSD 


30200  ab- 
28600  b 
29800  ab 

28200  b 
28700  b 

34300  a 

5400 


1/ 


36.4  a- 

36.1  a 
37.9  a 

38.5  a 
38.3  a 

39.2  a 

5.7 


15. 

1 

1/ 
a- 

14. 

8 

a 

14 

3 

a 

14 

6 

a 

14 

4 

a 

14 

.7 

a 

( lb/acre) 

1/ 
7740  a- 

7510  a 

7560  a 

7860  a 
7740  a 


0.8 


1260 


1/Means  in  a  column  followed  by  the  same  letter  are  not  significantly  different  at  5%  level  according  to 
Tukey's  HSD  procedure. 

Table  2.   Plant  population,  sugarcane  yield,  sucrose  content,  and  yield  of  sugar  per  acre  for  first  ratoon 
crop  (1975)  from  various  drainage  treatments. . _ 


Treatment 


No. 


Drain 
depth 


Drain 
spacing 


Plant 
population 


Sugarcane 
yield 


Sucrose 
content 


Sugar 
yield 


(ft) 


(ft) 


(stalks/acre) 


( tons/acre) 


m 


( lb/acre) 


1 
2 
3 

4 
5 
Check 


4.5  40 

3.5  30 

4.5  40 
w/spun  nylon  filter 

4.5  80 

3.5  20 
none 


HSD 


38300  a-1 
35600  ab 
38500  a 


36200  ab 
35000  b 
29900   c 
3200 


37.9  a-1 
30.4   b 
34.6  a 


35.7  a 
36.9  a 
29.5   b 
3.8 


16. 

2 

a± 

15. 

5 

b 

16. 

3 

a 

16 

6 

a 

16 

2 

a 

16 

7 

a 

0 

6 

1/ 


8770  al7 
6710   b 
8030  a 

8480  a 
8520  a 
7040  b 
980 


1/Means  in  a  column  followed  by  the  same  letter  are  not  significantly  different  at  51   level  according 
to  Tukey's  HSD  procedure. 

Since  Treatments  Nos.  1  and  4  differed  only  in  drain  spacing,  these  two  treatments  along  with  the 
check  area  provided  a  good  test  of  the  effects  of  drain  spacing  on  sugarcane.   Although  plant  population 
was  significantly  higher  for  the  undrained  check  area  than  for  the  80- ft  drain  spacing  for  the  plant 
crop,  population  was  significantly  lower  for  the  undrained  check  area  than  for  the  two  drainage  treat- 
men";  for  the  first  ratoon  crop  (Table  3).   Since  an  increase  in  plant  popu  ation  is  normally  expected 
between  plant  and  first  ratoon  crops,  the  decrease  on  the  check  area  indicated  that  it  apparently  was 
adversely  affected  by  lack  of  subsurface  drainage  before  or  during  the  1975  crop  season. 
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Table  3.   Comparison  of  plant  population,  sugarcane  yield,  and  sugar  yield  in  plant  and  first  ratoon 
crops  for  two  drainage  treatments  (Nos.  1  and  4)  and  an  undrained  check  area. 


Treatment 

Plant  crop  (1974) 

First 

ratoon  crop  (1975) 

Drain 
spacing 

Plant         Sugarcane 
population         yield 

Sugar 
yield 

Plant 
population 

Sugarcane        Sugar 
j?ield          yield 

(ft) 

(stalks/acre)     (tons/acre) 

(lb/acre) 

(stalks/acre) 

(tons/acre)      (lb/acre) 

40 

1/ 
30200  ab~ 

80 

28200  b 

Check 

34300  a 

1/ 


1/ 


1/ 


36.4  a- 

7740  a- 

38300  a- 

37.9 

38.5  a 

7860  a 

36200  a 

35.7 

39.2  a 

8080  a 

29900  b 

29.5 

1/ 


8770  a- 
8480  a 
7040  b 


1/ 


HSD 


5400 


5.7 


1260 


3200 


3.8 


980 


1/Means  in  a  column  followed  by  the  same  letter  are  not  significantly  different  at  the  5%  level  accord- 
ing to  Tukey's  HSD  procedure. 

Sugarcane  yields  for  the  40-  and  80-ft  drain  spacings  are  compared  with  yield  for  the  check  area 
in  Table  3.   Differences  between  treatments  were  not  significant  during  the  plant  crop  (1974),  but 
yields  for  the  two  drainage  treatments  were  significantly  higher  than  those  for  the  undrained  check  area 
during  the  first  ratoon  crop  (1975).   Yields  for  both  drain  spacings  were  about  the  same  each  year,  but 
the  yield  for  the  check  area  decreased  from  the  plant  to  first  ratoon  crop.   Yields  for  the  two  drain 
spacings  during  the  first  ratoon  crop  were  8.4  and  6.2  tons/acre  (28  and  21%)  higher,  respectively,  than 
the  yield  for  the  undrained  check  area. 

Results  for  sugar  yield  per  acre  were  very  similar  to  the  sugarcane  yield  data,  with  the  40-  and 
80-ft  drain  spacings  yielding  1730  and  1440  lb/acre  (25  and  20%)  more  sugar  per  acre,  respectively, 
than  the  undrained  check  area  for  the  first  ratoon  crop  (Table  3). 

The  water  table  in  the  check  area  was  never  extremely  high  during  the  winter  of  1974-75  except  for 
a  short  period  in  March,  but  it  was  very  high  during  spring  and  summer,  1975,  when  the  sugarcane  was 
actively  growing.   While  a  high  water  table  during  the  growing  season  normally  does  not  reduce  yield, 
this  particular  condition  may  have  been  severe  enough  to  do  so.   Also,  the  high  water  table  in  March  may 
have  damaged  the  germinating  buds  and  adversely  affected  yield  in  1975.   This  agrees  with  Carter  (2) 
who  found  that  wet  soil  during  February  and  March  more  frequently  correlated  with  reduced  cane  yields 
than  did  wet  soil  during  other  months  or  combination  of  months  during  the  dormant  season.   Apparently, 
the  primary  cause  for  reduced  yield  in  the  undrained  check  area  was  the  lower  plant  population,  since 
sucrose  and  stalk  weight  were  about  equal  for  all  plots. 

The  effect  of  subsurface  drainage  on  the  growth  and  yield  of  sugarcane  for  this  particular  soil, 
sugarcane  variety,  and  climatic  condition  cannot  be  conclusively  known  until  yield  data  for  at  least 
one  more  year  are  available.   However,  the  data  obtained  thus  far  indicate  that  adequate  subsurface 
drainage  may  significantly  increase  sugarcane  yield  during  very  wet  years. 

The  final  acceptance  of  any  land  improvement  depends,  at  least  in  part,  on  the  costs  in  relation 
to  expected  benefits  or  increased  returns.   While  the  expected  monetary  benefits  cannot  be  accurately 
predicted  at  this  time,  the  anticipated  cost  of  a  subsurface  drainage  system  can  be  estimated  for 
generalized  conditions.   The  depth  and  spacing  of  drain  lines  vary  with  soil  type  which  will  affect 
the  quantity  of  tubing  and  installation  cost  per  acre  for  subsurface  drainage.   For  medium-textured 
soils  such  as  the  Mhoon  sicl  in  this  experiment,  80  to  120  ft  may  be  a  reasonable  drain  spacing; 
however,  fine-textured  soils  such  as  Sharkey  clay  may  require  spacings  of  20  to  40  ft.   Estimated 
costs  for  installing  subsurface  drainage  without  a  filter  and  with  an  outlet  provided  are  shown  in 
Table  4  for  several  drain  spacings  and  a  range  of  installation  price  rates.   Since  drainage  contractors 
have  not  been  active  in  Louisiana,  it  is  difficult  to  estimate  the  installation  price  rate,  but  $0.60/ft 
of  line  appears  to  be  a  reasonable  estimate.   Based  on  this  rate  and  drain  spacings  of  20  to  120  ft, 
the  cost  of  installing  subsurface  drainage  on  one  acre  can  range  from  about  $200  to  $1300,  depending 
primarily  upon  soil  type  (Table  4).   Clearly,  increased  economic  returns  from  this  land  improvement 
will  have  to  be  realized  before  it  will  be  widely  accepted.   However,  the  economic  benefits  of  improved 
drainage  may  change  drastically  if  the  overall  production  management  system  (and  attendant  cultural 
practices)  for  sugarcane  in  Louisiana  should  change  so  that  better  drainage  is  required  to  obtain 
optimum  or  even  acceptable  yields. 
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Table  4.   Subsurface  drainage  installation  cost  per  acre  for  various  spacings  and  installation  prices. 

Drain  installation  cost   


Drain  line 
spacing 
(ft) 

20 

40 

80 
120 
160 


Length  of 

drain  line 

per  acre 


(ft/acre) 

2178 

1089 

544 

363 

272 


.40 


871 

436 
218 
145 
109 


Material  and  installation  price  rate  ($/lin.  ft) 

.80 


,50 


1089 
544 
272 
182 
136 


.60 
($/acre) 

1307 
653 
326 
218 
163 


1742 
871 
435 
290 
218 


1.00 


2178 

1089 

544 

363 

272 
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POTENTIAL  FOR  REGULATING  GROWTH  OF  LOUISIANA  SUGARCANE 

F.  A.  Martin 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  LA 

ABSTRACT 

In  nature,  plant  growth  is  controlled  by  the  environment  and  the  genetic  make  up  of  the  plant. 
This  natural  control  is  mediated  through  the  balance  of  at  least  four  general  classes  of  plant  growth 
regulators:   auxins,  gibberillins ,  cytokinins,  and  growth  inhibitors.   Man,  through  agriculture,  has 
traditionally  manipulated  his  crop  or  the  immediate  environment  to  achieve  a  particular  growth  response. 
Pruning,  clipping,  fertilization,  irrigation,  and  plant  breeding  are  only  a  few  agronomic  means  of 
regulating  plant  growth.   Most  of  these  practices  are  labor  and/or  energy  intensive  and  therefore 
expensive.   Consequently  the  idea  of  developing  synthetic  growth  regulators  is  becoming  increasingly 
popular.   The  earliest,  most  successful  agricultural  application  of  plant  growth  regulator  technology 
was  in  the  field  of  weed  control.   This  area  of  agricultural  science  has  developed  only  because  of 
the  commitment  of  agricultural  chemical  industries  and  the  land  grant  universities.   It  is  apparent 
that  there  exist  an  equal  potential  for  chemical  regulation  of  crop  growth.   Application  of  basic 
information  should  yield  technologically  feasible  chemical  crop  growth  regulators  which  will  be  used 
to  achieve  desired  growth  responses.   The  rate  of  development  of  this  technology,  however,  will  be 
proportional  to  the  degree  of  commitment  of  the  agricultural  chemical  industries  and  land  grant  universi- 
ties toward  this  goal. 
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THE  FUEL  AND  STEAM  BALANCE  IN  THE  RAW  SUGAR  FACTORY 

Harold  S.  Birkett 
Baton  Rouge,  La. 


ABSTRACT 

This  paper  presents  the  fuel  and  steam  balances  (live  and  exhaust  steam)  applicable  to  Louisiana 
conditions  as  a  function  of  the  live-steam  generation-pressure  and  degree  of  superheat.   It  is  shown 
that  an  increase  in  the  live-steam  pressure  and  superheat  would  be  required  to  eliminate  the  present 
dependency  of  Louisiana  sugar  factories  on  natural  gas  and  other  supplementary  fuels.   At  present,  about 
50%  of  the  steam  generated  by  Louisiana  sugar  mills  is  from  natural  gas.   The  installation  of  air  pre- 
heaters  and/or  bagasse  dryers  could  reduce  the  present  dependency  on  supplementary  fuels  by  about  halt; 
however,  further  basic  changes  in  the  factory  design  will  be  required  to  entirely  eliminate  the  need  for 
supplementary  fuels.   The  results  indicate  that  the  quantity  of  live  steam  required  to  operate  factories 
can  be  greatly  reduced  by  raising  the  live-steam  generation-pressure  and  superheat.   The  study  includes 
live-steam  generation  conditions  from  150  psig,  saturated,  to  700  psig,  with  250 F  superheat    It  is 

pressures  the  quantity  of  steam  required  would  be  reduced  sufficien 


evaporation  schemes  are  available  which  require  no  more  exhaust 


than  is  available. 


INTRODUCTION 

The  rapid  increase  in  the  costs  of  manufacturing  sugar  makes  it  imperative  for  sugar  factories  in 
Louisiana  to  eliminate  or  reduce  the  supplemental  fuel  they  burn.   The  worldwide  shortage  of  fossil 
fuels  lends  emphasis  to  this.   This  article  is  written  primarily  with  Louisiana  conditions  m  mind. 
However,  since  it  presents  a  simple  graphical  method  for  the  design,  improvement,  and  evaluation  of 
the  fuel  and  steam  balances  in  raw  sugar  factories  in  general,  it  may  be  of  wider  interest. 

Ideally,  a  raw  sugar  factory  should  be  designed  to  have  a  5  to  10%  surplus  of  bagasse  to  provide 
fuel  for  operations  outside  of  normal  running,  such  as  unplanned  stoppages,  cleaning,  and  boil  off 
periods.   However,  at  factories  having  no  use  for  excess  bagasse,  steam  economy  should  not  be  carried 
so  far  as  to  produce  a  large  bagasse  surplus  which  would  present  a  disposal  problem  and  increase  costs. 

Any  estimation  of  the  requirements  in  equipment  and  operating  conditions  necessary  to  obtain  a 
fuel  and  steam  balance  using  only  bagasse  as  fuel  is  an  exercise  that  should  be  specific  for  each  factory. 
The  accuracy  of  such  estimates  will  naturally  depend  on  the  accuracy  of  the  available  data.   The  major 
data  required  are: 

1  The  composition  of  the  cane  processed.   In  particular,  the  pol  and  true  fiber  contents  as  well 
as  the  purity  of  the  juice  are  required.   Since  the  cane  milled  in  Louisiana  today  contains  varying 
amounts  of  soil,  the  usual  factory  chemical  control  data  do  not  allow  an  accurate  estimation  of  the  true 
cane  fiber.   However,  if  the  ash  content  of  the  bagasse  is  determined  in  addition  to  the  usual  determin- 
ations of  water  and  nonsucrose  solids,  a  reasonable  approximation  of  the  true  fiber  is  obtainable. 

2  The  operating  conditions  that  prevail  at  the  factory.  The  quantity  of  imbibition  water  applied 
is  required  since  this  is  related  to  the  quantity  of  mixed  juice  processed  and  the  evaporation  required. 
The  evaporator  scheme  employed  has  a  great  influence  on  the  exhaust  required  by  the  boiling  house. 

3.   The  pan  boiling  scheme  and  boiling  house  recovery.   From  these  data  the  quantity  of  steam 
required  for  boiling  the  various  massecuites  can  be  estimated. 

4   The  average  steam  consumption  of  the  various  prime  movers  and  ancillary  steam-using  units.   In 
designing  new  factories,  the  degree  of  efficiency  in  steam  utilization  by  the  prime  movers  can  be  obtained 


install   if  not  already  present,  a  steam  meter  to  ascertain  the  quantity  of  steam  (lb/hr)  delivered  by 
the  boilers  to  the  factory.   A  second  steam  meter  should  be  installed  in  the  live  steam  make-up  to 
exhaust  line.   From  these  data  the  quantity  of  steam  delivered  to  the  prime  movers  and  ancillary 
equipment  is  obtainable. 

Efficiency  in  steam  generation  and  usage  requires  consideration  of  the  following: 

1.   The  adoption  of  efficient  methods  of  steam  generation,  the  use  of  higher  steam  pressures  than 
have  been  conventional  in  Louisiana  factories,  the  use  of  superheat  and,  if  necessary,  the  employment 
of  air  preheaters,  bagasse  driers  and/or  economizers  to  recover  waste  heat  from  the  flue  gases  and 
improve  the  efficiency  of  the  bagasse  burning. 
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2.  The  use  of  steam-efficient  prime  movers. 

3.  The  adoption  of  evaporator  schemes  that  permit  high  steam  economy,  by  increasing  the  number  of 
effects  and/or  employing  vapor  bleeding  and/or  vapor  recompression. 

4.  Cleaner  cane  and  improved  milling  to  obtain  lower  moisture  contents  to  improve  bagasse  combustion 
efficiency  and  net  heating  value. 

SCOPE  OF  THE  PAPER 

This  paper  covers  the  areas  of : 

Live  Steam  Availability:   For  specified  conditions  of  cane  and  bagasse  quality  and  furnace  and 
boiler  operating  conditions,  the  steam  availability  per  ton  of  cane  is  determined  (Table  1  and  Fig.  1). 

Live  Steam  Required:   For  assumed  high  pressure  steam  conditions  and  prime  mover  requirements  and 
specifications,  the  live  steam  requirements  are  determined  (Table  3  and  Fig.  2). 

Fig.  3  is  a  combination  of  Fig.  1  (Steam  Available)  and  Fig.  3  (Steam  Required). 

Exhaust  Steam  Availability:   For  specified  high  pressure  steam  conditions  and  production,  the 
corresponding  available  exhaust  steam  is  determined  (Table  5  and  Fig.  4). 

Particular  Louisiana  Factory  Process  Exhaust  Steam  Requirements:   Exhaust  steam  requirements  are 
calculated  using  different  evaporator  schemes  to  include  the  number  of  effects,  the  addition  of  pre- 
evaporators,  and  the  practice  of  vapor  bleeding  or  vapor  robbing  (Table  6  and  Fig.  5). 

Live  and  Exhaust  Steam  Production  and  Requirements :   The  preceeding  data  are  consolidated  into  a 
single  graphical  presentation  to  show  the  corresponding  high  pressure  and  exhaust  steam  availability 
and  requirements. 

The  basic  calculations  utilized  in  preparing  the  graphical  data  are  shown  below: 

Potential  Live  Steam  Available  from  Bagasse : 

„        „,        fiber  %  cane 

Bagasse  %  cane  =  -rrr, ^~T  inn 

fiber  %  bagasse  x  100 

Taking  the  gross  heating  value  of  dry,  ash-free  bagasse  as  8350  Btu/lb,  the  potential  live  steam 
generation  per  ton  gross  cane  will  be: 


335Q  x  fiber  %  cane      lQQ        2000  h    _   moisture  %  bagasse  -  ash  %  bagasse   x  boiler  efficiency 
fiber  X   bagasse  100   [_  100  "   100      J      "     100 


heat  required  to  generate  1  lb  of  live  steam 
where:   heat  required  to  generate  1  lb  steam  =  enthalpy  of  live  steam  -  enthalpy  of  boiler  feed  water. 

TOTAL  LIVE  STEAM  REQUIREMENTS  OF  THE  FACTORY 

The  live  steam  requirements  are  calculated  from  the  prime  mover  horsepower  requirements  and  their 
respective  water  rates.   The  prime  movers  are  the  engine  or  turbines  driving  the  knives,  the  mills,  screw 
presses,  shredders,  turbo-generators,  induced  draft  fans,  injection  water  pumps,  etc.   Some  live  steam 
is  also  required  for  exhaust  make-up  vacuum  ejectors,  steam  cleaning,  and  miscellaneous  services. 

In  general,  the  horsepower  requirements  are  determined  by  the  number  of  cane  preparation  and  milling 
units  and  the  tons  of  fiber  passed  per  hour  by  the  mills.   The  water  rates  of  the  prime  movers  are  dependent 
on  their  efficiency  and  the  live  steam  and  exhaust  conditions.   The  turbine  water  rates  decrease  with 
increasing  turbine  efficiency, increasing  live  steam  pressure  and/or  superheat,  and  decreasing  exhaust 
pressures  and  vice  versa.   The  exact  dependency  of  water  rate  on  the  live  steam  and  exhaust  conditions 
can  be  obtained  from  the  Mollier  Chart  assuming  isentropic  operation. 

EXHAUST  STEAM  AVAILABLE 

All  live  steam  that  goes  through  the  prime  movers  produces  exhaust  steam.   Under  saturated  live 
steam  conditions  the  exhaust  will  be  partially  condensed,  i.e.  be  less  than  100%  quality.   The  exact 
quality  can  be  obtained  from  the  Mollier  Chart  using  the  live  steam  conditions  and  exhaust  pressure, 
together  with  the  thermodynamic  efficiency  of  the  prime  movers.   Radiation  heat  losses  will  somewhat  lower 
the  exhaust  steam  quality  between  the  prime  movers  and  the  exhaust  users,  and  this  effect  can  be  estimated. 

In  the  case  of  a  relatively  large  (more  than  150 F)  live  steam  superheat,  the  exhaust  will  still  be 
superheated,  and  can  thus  be  desuperheated  with  water  to  form  more  exhaust  than  the  live  steam  that  went 
through  the  turbine. 
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EXHAUST  STEAM  REQUIRED  FOR  PROCESSING 

The  exhaust  steam  requirements  include  those  of  the  evaporators,  juice  heaters,  the  pans   and  the 
boiler  feed  water  deaerators.   Exhaust  may  also  be  utilized  for  air-preheaters ,  massecuite  reheating  and 
other  miscellaneous  uses. 

The  evaporator  scheme  selected  greatly  influences  the  total  exhaust  requirements  of  the  raw  sugar 
factory. 

To  determine  the  exhaust  requirements  of  the  heaters  and  evaporators,  a  detailed  heat  balance  is 
required.   The  exhaust  (or  vapor)  requirement  for  the  pans  is  usually  obtained  by  calcul atin |  the 
evaporation  performed  by  the  pans  and  multiplying  this  value  by  a  pan  factor  (1.15  to  1.25)  depending 
on  the  grade  of  strike  boiled. 


BASIC  ASSUMPTIONS  AND  CALCULATIONS 

Preparation  of  the  graphical  material  is  demonstrated  in  the  following  calculations  using  basic 
data  typical  of  Louisiana  conditions. 


Cane, 

Imbibition 
Bagasse, 


Mixed  juice, 


Boiler  efficiency,  % 
Prime  movers,  HP 
Turbo-generator,  KW 
Miscellaneous  live  steam 
Boiler  feed  water  temp., 


%  pol 

%  fiber  (apparent)* 

%  mixed  juice 

%  cane 

%  moisture 

%  fiber  +  ash 

%  fiber 

%  ash  (including  field  soil) 

%  cane 

%  pol 

%  brix 

purity 


=  10.00 

=  15.00 

=  90.00 

=  23.71 

=  51.00 

=  44.50 

=  35.60 

=  8.90 

=  33.71 

=  10.00 

=  12.66 

=  79.00 

=  44.00 

=  25  HP  -  Hr/Ton  Cane 

=   9.6  KW  Hr/Ton  Cane 

=  60  lb /Ton  Cane 

=  250 


POTENTIAL  LIVE  STEAM  FROM  BAGASSE 

„„„   15.00  v    im  „  2000   IT  _  51.00  _  8.90*1   x  44_ 
Potential  steam/gross  ton  cane  =  8350  x  ~j^—^  x  iuu  x  -^UU      If     100     lOOj    100 

heat  required  to  generate  1  lb  steam 

=  1,241,523 . 

heat  required  to  generate  1  lb  steam,  Btu/lb 

Table  1  and  Fig.  1  show  the  potential  live  steam  available  at  15,  16.9,  and  18.75%  apparent  fiber  in 
cane  (12,  13.5,  and  15%  true  fiber  in  cane)  as  a  function  of  the  live  steam  conditions  assuming  a  boiler 
feed  water  temperature  of  250  F. 


Tab 


le  1.   Potential  live  steam  available,  _rb_stgam/jr^s£j^n_cane_ 


Live  steam  conditions 


Pressure, 

psig 

°FSH 

150 

0 

250 

100 

400 

150 

550 

200 

700 

250 

Enthalpy 
Btu/lb 

1196.1 
1266.1 
1304.8 
1341.6 
1376.3 


Lb  steam/gross  ton  cane 
True  fiber  %  cane 


12 


13.5 


15 


1015 

1142 

1269 

948 

1067 

1185 

914 

1028 

1142 

884 

995 

1105 

858 

965 

1072 

*Apparent  fiber  is  defined  as  true  sugar  cane  fiber  plus  extraneous  insoluble  dry  solids. 
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Table  2  shows  the  turbine  water  rates  applicable  to  the  live  steam  conditions  considered.   The  water 
rates  are  calculated  from 

2545 

H2-Hl 


water  rate,  lb  live  steam/ti.p.  -  hr  = ' 

(thermodynamic  turbine  efficiency) /100 
H   is  the  enthalpy  of  the  inlet  live  steam,  Btu/lb 
H.  is  the  isentropic  exhaust  enthalpy  at  15  psig 
(from  the  Mollier  chart),  Btu/lb 


Table  2.   Calculated  water  rates  of  steam  turbines. 


Live  steam 
conditions 


150 
250 
400 
550 
700 


psig, 
psig, 
Psig, 
psig, 
Psi8> 


0uFSH 

100°FSH 

150°FSH 

200°FSH 

250°FSH 


Isentropic 

H2""l 
Btu/lb 


129.1 
179.1 
224.8 
257.6 
288.3 


Turbine 
water  rate, 
lb  steam 
hp-hr 


39.4 

28.4 
22.6 
19.8 
17.7 


Turbo-generator 

water   rate, 

lb    steam 

KW- 

-hr 

40 

9 

29 

5 

23 

5 

20 

5 

18 

3 

The  prime  mover  turbines  (with  the  exception  of  the  turbo-generator  drive)  are  assumed  to  be 
single-stage  with  a  thermodynamic  efficiency  of  50%.   The  turbine  driving  the  generator  is  assumed  to 
be  a  multi-stage  with  a  thermodynamic  efficiency  of  68%.   The  efficiency  of  the  generator  itself  is  taken 
as  95%. 

In  most  Louisiana  raw  sugar  factories  the  exhaust  pressure  is  usually  between  10-15  psig.   An 
exhaust  pressure  of  15  psig  has  been  assumed  in  this  paper  so  that  vapor  bleeding  will  be  practical. 
An  exhaust  pressure  of  15  psig  represents  a  reasonable  compromise  between  turbine  water  rates  and  boiling 
house  heating  surface  requirements. 

The  total  live  steam  requirements  for  the  prime  movers  and  turbo-generator  are  obtained  by  multiplying 
the  power  requirement  (hp-hr/ton  cane  or  KWH/ton  cane)  by  the  appropriate  water  rate.   The  total  live 
steam  requirement  is  obtained  by  combining  the  prime  movers  and  turbo-generator  requirements  with  the  miscell- 
aneous live  steam  requirement   (assumed  to  be  60  lb/ton  cane),  as  shown  in  Table  3. 


Table  3.   Live  steam  requirements  for  prime  movers  and  miscellaneous  lb  live  steam/ton  cane. 

Live  steam  conditions 


Cane 


150  psig, 
0°FSH 


Prime  movers  (25  hp-hr/ton  cane)  985 
Turbo-generator  (9.6KWH/ton  cane)  393 
Miscellaneous  60 


250  psig, 
100°FSH 


710 

283 

60 


400  psig,     550  psig 


150UFSH 


565 

226 
60 


200UFSH 


495 

197 

60 


700  psig, 
250°FSH 


443 

176 

60 


Total  live  steam 


1438 


1053 


851 


752 


679 


In  general,  the  exhaust  steam  from  a  turbine  is  less  superheated  than  the  entering  live  steam.   In 
the  case  of  saturated  live  steam  to  a  turbine,  the  turbine's  exhaust  is  partially  condensed,  and  the 
weight  of  saturated  steam  available  is  less  than  that  of  the  live  steam  entering  the  turbine.   In  the  case 
of  moderately  superheated  live  steam  to  a  turbine  the  turbine's  exhaust  may  still  be  superheated,  in  which 
case  it  can  be  desuperheated  with  water  to  yield  a  greater  weight  of  saturated  exhaust  than  that  of  the 
live  steam  entering  the  turbine.   Table  4  shows  the  saturated  exhaust  available  per  lb  of  live  steam  used 
by  the  turbines  as  a  function  of  the  live  steam  condition  at  the  turbine  efficiencies  assumed. 

The  quantity  of  saturated  exhaust  steam  available  can  be  obtained  by  multiplying  the  live  steam  used  by 
the  turbines  by  the  pounds  of  saturated  exhaust  available  per  pound  of  live  steam  used  by  the  turbines. 
This  is  given  in  Table  5. 
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Table  4.   Lb  exhaust  available  per  lb  live  steam  used  by  turbines 


Live  steam 
conditions 


150  psig,  0°FSH 

250  psig,  100°FSH 

400  psig,  150°FSH 

550  psig,  200°FSH 

700  psig,  250°FSH 


Enthalpy  of 

live  steam,  H^ 

Btu/lb 

1196.1 

1266.1 

1304.8 

1341.6 

1376.3 

15  psig 
isentropic 

exhaust 
enthalpy,  l^ 

Btu/lb 

1067 
1087 
1080 
1084 
1088 


Turbine 

exhaust  enthalpy 

Saturated 

calculated  from 

exhaust 

weighted  average 

available 

thermodynamic 

at  100% 

turbine 

quality 

H2-H 
Btu/lb 

efficiency , 

per  lb 

Btu/lb 

live  steam 

129.1 

1124.9 

0.966 

179.1 

1167.4 

1.003 

224.8 

1180.8 

1.014 

257.6 

1199.6 

1.031 

288.3 

1217.4 

1.046 

Table  5.   Saturated  exhaust  steam 


available  from  turbines,  lb  saturated  exhaust/ton  cane^ 


Live  steam 
conditions 


Live  steam 

used  in 

turbines 

lb /ton  cane 


Exhaust 

available  per 

lb  live 

steam  used 

in  turbine 


Exhaust 
available 
at  100% 
quality,  lb/ton  cane 


150  psig, 
250  psig, 
400  psig, 
550  psig, 


0°FSH 
100°FSH 
150°FSH 
200°FSH 


700  psig,  250°FSH 


1378 
993 
791 
692 
619 


0.966 
1.003 
1.014 
1.031 
1.046 


1331 
996 
802 

713 
647 


The  exhaust  requirements  of  a  sugar  factory  are  dependent  on  several  factors  such  as  quality  of  juice 
evapora  i^n  :chemeeqemPloyed,  sugar  boiling  scheme  selected   etc.   For  the  juice  qua  -y  assumed   he  use 
of  the  conventional  three  boiling  (A,  B,  C)  pan  scheme,  and  various  evaporator  ^f^u"g°°J' 
exhaust  requirements  have  been  rigorously  calculated  and  the  results  are  presented  in  Table  6. 

Table  6.   Typical  Louisiana  factory  process  exhaus^^tjag_reSuirjments  for  various  evaporation  schemes. 

Various  evaporation  schemes* 

Lb  steam/ 100  tons  cane 

"Case     Case     Case     Case 
3        4        5 6 


Case 

2 


Case 

7 


Case 


„  —       —     29,729    56,462  —  56,462 

SorSor  51,022    39,416    35,756   27,184  83,337  20,013   76,474    72,654 

Limed  juice  heater  23,004   23,004     -  "  "       " 

Clarified  juice  heater  4,424    4,424 

Vacuum  plans  (theoretical  average)  26,481    26,481    .6,481     --  "  ? ^ 

Jotli  "'  deaerat°r  IWM-T00M~~^^~~ ^176  90,867  84,005    84,004    80,184" 

Average  req'd.,  lb  909      840      840 802 

exhaust /ton  cane     LilA2 L>yyl iii- 


*For  description  of  evaporator  schemes,  see  Figure 
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DISCUSSION  OF  GRAPHS 


Fig.  1  (data  from  Table  1)  shows  the  relatively  small  decline  in  the  potential  steam  production 
as  the  live  steam  pressure  and  superheat  are  increased. 


too 


400 
150 


Live  steam  generating  conditio 


200 
(Pressure  and  Superheat) 


700      psig 
250     °FSH 


Fig.  1.   Potential  live  steam  available,  lb/ton  cane,  as  a  function  of  true  fiber  %  cane  and  live  steam 
generating  conditions  (pressure  and  superheat).   Assumptions:   Boiler  feed  water  temperature  of 
25C  F;  moisture  %  bagasse  of  51.0%;  boiler  efficiency  of  44.0%. 


I 


Fig.  2  (data  from  Table  2)  shows  the  substantial  reduction  in  the  live  steam  required  (prime  movers, 
and  miscellaneous  but  excluding  make-up  to  exhaust)  for  the  factory  as  the  live  steam  pressure  and 
superheat  are  increased.   The  reason  for  this  is  that  virtually  all  of  the  additional  heat  supplied  to 
the  live  steam  in  raising  its  pressure  and  temperature  is  available  for  conversion  into  work  by  the 
turbines.   The  isentropic  exhaust  enthalpy  (heat  content)  is  virtually  unchanged  as  the  live  steam  pressure 
and  temperature  to  the  turbines  increases.   However,  because  the  turbines  are  not  ideal  turbines,  in 
practice  the  exhaust  enthalpy  increases  as  the  live  steam  pressure  and  temperature  increases.   Nevertheless, 
the  fraction  of  the  total  live  steam  enthalpy  that  the  turbines  extract  (convert  into  work)  increases 
rapidly  as  the  live  steam  pressure  and  temperature  increases. 

Fig.  3  is  a  combination  plot  of  Fig.  1  and  Fig.  2,  and  thus  represents  the  live  steam  available  and 
the  live  steam  required.   Fig.  3  is  thus  a  graphical  live  steam  balance  for  various  live  steam  pressures 
and  superheat.   In  Fig.  3  the  minimum  live  steam  pressure  and  temperature  required  for  an  energy- 
sufficient  operation  is  readily  determined  for  any  fiber  per  cent  cane  value  simply  by  noting  where  the 
available  live  steam  line  intersects  the  live  steam  requirement  line,  i.e.  the  breakeven  point.   Thus, 
for  a  fiber  percent  cane  value  of  12%  the  minimum  live  steam  conditions  are  about  330  psig  with  125  F 
superheat.   Under  these  conditions  the  potential  live  steam  available  is  940  lb/ton  cane,  and  the  live 
steam  required  is  also  940  lb/ton  cane.   From  a  practical  standpoint,  a  higher  pressure  and  temperature 
should  be  selected  so  that  the  potential  live  steam  available  is  greater  than  the  live  steam  requirements, 
thus  permitting  some  bagasse  to  be  stored  while  only  burning  that  quantity  of  bagasse  necessary  to  operate 
the  factory.   Clearly,  at  live  steam  pressures  below  the  breakeven  point,  the  factory  live  steam  requirement 
cannot  be  met  entirely  from  the  available  bagasse  fuel  and  some  supplementary  fuel  will  be  required.   The 
magnitude  of  this  live  steam  deficit  can  be  obtained  by  drawing  a  vertical  line  on  Fig.  3  through  the  live 
steam  pressure  and  obtaining  the  difference  between  the  live  steam  required  and  the  potential  live  steam 
available.   Similarly,  for  steam  pressures  above  the  breakeven  pressure,  the  magnitude  of  the  potential 
excess  live  steam  can  be  obtained. 
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Fig   2   Factory  prime  movers,  turbo-generator,  and  miscellaneous  live  steam  requirements  (excluding 
make-up  to  exhaust)  as  a  function  of  live  steam  conditions  (pressure  and  superh ea t). 
Assumptions:   Prime  movers  require  25  H.P./ton  cane;  turbo-generator  load  of   •  ™  ~> 
misc.  live  steam  usage  of  60  lb/ton  cane;  prime  mover  thermodynamic  efficiency  of  50/.,  turbo 
generator  turbine  thermodynamic  efficiency  of  68%;  turbo-generator  electrical  efficiency  of 
95%;  exhaust  pressure,  of  15  psig. 


<  ^ 


ind  Superheol) 


700      psig 
250     °FSH 


Fig.  3.   Potential  live  steam  available  and  live  steam  requirements.   (This  figure  combines  Figu re  1  and 

Figure  2).   Assumptions:   Same  as  for  Figure  1  and  Figure  2.   (Data  taken  from  Table  1  and  Table  3) 
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Fig.  4  (data  from  Table  5)  shows  the  saturated  exhaust  available  from  the  turbines  at  various 
live  steam  pressures. 


i,  «! 


a  i  1 


700     piig 
250      °FSH 


?  ond  SuperSe' 


Fig.  4.  Saturated  exhaust  available  from  turbines  as  a  function  of  live  steam  pressure  and  superheat 
to  turbines.  Assumptions:  Same  as  Figure  2;  no  heat  loss;  turbine  exhaust  desuperheated  to 
saturation. 


Fig.  5  (data  from  Table  6)  shows  the  total  saturated  exhaust  required  for  the  boiling  house  for 
eight  different  evaporator  schemes.   The  saturated  exhaust  requirement  does  not  depend  on  the  live 
steam  conditions,  and  thus  these  lines  are  all  horizontal. 


Fig.  5.   Exhaust  steam  requirements  for  various  "Evaporation  schemes  as  a  function  of  live  steam  conditions 
(pressure  and  superheat).   Note:   Exhaust  steam  requirements  are  independent  of  live  steam  con- 
ditions.  For  description  of  Evaporator  Schemes  see  Figure  8. 


172 


a 

ted   due 


to   the    cyclic   nature   of    the   vacuum  pan   operations 


Exhaust  Requirement 
by  Evaporator  Cose 


Fig.  6. 


Exhaust  availability  and  requirements  as  a  function  of  live  steam 
superheat).   (This  figure  is  a  combination  of  Figure  4  and  Figure  5) 


conditions  (pressure  and 


In  a  properly  designed  sugar  factory  not  utilizing  excess  bagasse  for  sale  or  as  a  raw  material, 
the  following  conditions  should  be  satisfied: 

1.  The  total  live  steam  requirement  should  not  exceed  the  live  steam  available  f rom  the  bagasse 

2.  The  exhaust  required  for  processing  operations  should  not  exceed  the  exhaus   ^^J^/^ 
turbines.   It  is  permissible,  and  sometimes  desirable,  for  the  exhaust  requirement  to  exceed 
the  exhaust  available  from  the  turbines  provided  that  there  is  adequate  live  steam  available 

to  make-up  the  difference. 

In  designing  a  sugar  factory  to  meet  the  above  requirements  it  is  helpful  to  combine  Fig.  3  and 
Fig.    in  a  Sngle  plot  as  in  Fig.  7.   Fig.  7  thus  graphically  presents  the  live  steam  balance  and  the 
exahust  steam  balance  as  a  function  of  the  live  steam  pressure  and  evaporator  scheme   In  this  form  the 
interrelationship  between  the  live  steam  balance  and  the  exhaust  steam  balance  can  be  conveniently 
studied  and  used  to  select  appropriate  steam  generating  conditions  and  evaporator  schemes,  as  exemplified 
in  the  subsequent  discussion  on  steam  pressures  and  superheat. 
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Fig.  7.   Potential  live  steam  generation,  live  steam  requirement,  exhaust  availability,  and  exhaust 

requirement  as  a  function  of:   1.   Fiber  %  cane,  2.   Live  steam  conditions  (pressure  and  super- 
heat), 3.   Evaporation  scheme.   Assumptions:   Same  as  for  Figures  1,  2,  4,  and  5. 


THE  CASE  FOR  HIGHER  PRESSURE  BOILERS 


The  preceding   discussion  and  basic  calculations  are  applied  below  in  a  comparison  of  low  and 
medium  pressure  boiler  installations. 

Two  cases  will  be  considered : 

1.  Live  steam  generated  at  150  psig,  saturated. 

2.  Live  steam  generated  at  400  psig,  150°FSH. 

In  Louisiana,  the  true  fiber  %  cane  averages  about  12%.   The  reported  fiber  %  cane  values  of  15-17% 
reflect  large  quantities  of  field  soil  (ash  producing)  in  the  bagasse,  and  includes  chemical  control 
errors  resulting  from  inaccurate  weights.   Milling  tests  on  clean  cane  at  the  Audubon  Sugar  Factory, 
Louisiana  State  University,  as  well  as  direct  cane  analysis  using  the  core  sampling  method  on  clean  cane 
consistently  yield  fiber  %  cane  values  of  10-14%.   Bagasse  from  several  commercial  factories  has  been 
analyzed  for  ash  (primarily  field  soil),  and  after  deducting  this  ash  from  the  fiber  %  bagasse  reported 
by  the  factories,  the  true  fiber  %  cane  is  about  11-14%.   The  steam  available  from  bagasse  is  directly 
proportional  to  the  true  (cane)  fiber  in  bagasse  and  the  pol  in  bagasse — the  field  soil  (ash)  being 
incombustible.   A  true  fiber  %  cane  value  of  12  is  used  throughout  the  following  discussion.   Small 
changes  in  the  true  fiber  %  cane  have  a  marked  influence  on  the  minimum  live  steam  pressure  required  for 
fuel  self-sufficiency. 

Case  1.   150  psig,  saturated  steam:   From  Fig.  7  (also  Table  3),  the  total  live  steam  required  is  1438 
lb/ton  cane.   Fig.  7  (also  Table  1)  shows  that  only  1015  lb  steam/ton  cane  can  be  generated  from  bagasse, 
the  deficit  of  423  lb  steam/ton  cane  (30%  of  the  total  steam  requirement)  will  have  to  be  made  up  by  use 
of  either  supplementary  fuel  or  purchased  electric  power.   If  the  factory  does  not  have  a  turbo-generator 
and  purchases  electric  power,  the  total  live  steam  requirement  will  be  1045/lb  ton  cane  (see  Table  4); 
however,  this  will  only  produce  955  lb  exhaust/ton  cane.   The  most  common  Louisiana  sugar  factory 
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ha™oc  (ra*P*    1   2   and  3)  all  require  more  exhaust  than  955  lb/ton  cane,  and  thus  supple- 
ZT^TullTsTtlli Quired V^e  factory  Jo  produce  live  steam  for  make-up  to  exhaust  for  the 
boiling  house. 

Case  2    400  psig,  150°FSH  steam:   At  this  live  steam  pressure  914  lb  steam/ton  cane  cane  be  generated 
lie  only   51  it  steam/ ton  cane  is  required.   The  851  lb  steam/ton  cane  will  produce  8  2   b  exhaust/ton 
cane  which  would  be  just  adequate  for  the  most  efficient  evaporation  scheme  consider* (Case  8) .Since 
851  lb  steam/ton  cane  is  generated  while  914  lb/ton  cane  is  potentially  available,  there  is  an  excess 
steam  potentiator  63  lb/ton  cane.   If  this  additional  63  lb/ton  cane  of  steam  is  not  generated   then 
In of  the  bagasse  produced  can  be  stored  for  use  during  non-grinding  periods  (breakdowns,  boil-off, 
cleaning,  etc. ) . 

Case  1  represents  the  operation  at  most  Louisiana  factories.   Case  2  projects  an  alternative  that 
will  otve  thTenergy  requirements  of  a  typical  Louisiana  factory.   The  g^^^£Ja£*BiM 
is  that  for  the  average  Louisiana  raw  sugar  factory  to  be  energy  sulf-suf f icient  it  will  have  to. 

1    Increase  boiler  operating  conditions  to  about  400  psig,  150°FSH. 

2.      utilize  more  efficient  evaporator  schemes,  i.e.  robbed  quadruple  effect  evaporators  instead 

of  triple  effects. 
Less  extreme  modifications  to  the  steam  generation  plant,  installed  prime  movers,  and  the  evaporation 
scheme  may  bring  individual  factories  into  or  close  to  fuel  balance  if: 

1.  The  boiler  efficiency  can  be  upgraded  from  the  very  low  average  value  of  44%  to  an  efficiency 
greater  than  55%. 

2.  The  true  fiber  in  cane  is  greater  than  the  12%  assumed. 

3.  The  prime  mover  horse-power  can  be  reduced. 

However,  it  can  be  seen  that  it  will  be  impossible  to  achieve  fuel  self  -"^iency  with  the  150 
psig  saturated  steam  still  used  in  many  Louisiana  factories.   It  would  seem  that  250  psig   100  SH  would 
be  the  minimum  steam  conditions  that  can  be  considered  under  any  Louisiana  conditions  if  fuel  self 
sufficiency  is  to  be  achieved,  and  that  substantially  higher  steam  pressures  and  temperatures  will  often 
be  required. 

Individual  factories  should  critically  evaluate  their  steam  balance  to  develop  long  range  plans  for 
bringing  the  factory  energy  requirements  into  balance  with  the  available  energy  in  bagasse.   Large 
canital  investments  for  new  boilers,  high  pressure  prime  movers,  and  turbo-generators,  etc.  may  not 
be   ustified  immediately.   However/with  normal  replacement  or  expansion  the  factory  can  be  converted 
to  the  desired^rrangement  in  phases.   Careful  planning  is  required  so  that  each  intermediate  phase 
represents  an  improvement.   Particular  attention  should  be  given  to: 

1   Obtaining  cleaner  cane,  and  installing  efficient  cane  washing  tables.   Cleaner  cane  results 
in  lower  mill  wear  (lower  bagasse  moisture),  less  field  soil  in  bagasse,  and  better  bagasse 

2.   SprovlngToiler^fficiency  with  air-preheaters ,  economizers,  deaerators ,  bagasse  driers,  and 

improved  instrumentation.  .  .„„._!,.,,  nf 

3   The  reduction  in  prime-mover  live  steam  consumption  with  increasing  pressure  and  superheat  of 
the  live  steam,  and  increased  turbine  stages.   (Careful  consideration  must  be  given  to  the 
quality  of  condensate  and  boiler  make-up  waters  as  steampressure  and  temperature  are  increased). 
4.   The  reduction  in  exhaust  consumption  possible  with  alterations  to  the  evaporator  scheme. 

The  reduced  cost  for  supplementary  fuel  as  a  result  of  reduced  supplementary  fuel  requirement  may 
offset  the  capital  costs  incurred  by  the  improvements,  but  each  case  will  require  investigation  and 
careful  planning. 

The  author  would  like  to  thank  his  colleagues  at  F.  C.  Schaffer  and  Associates,  Inc.  and  the  late 
Dr.  John  Seip  of  the  Audubon  Sugar  Factory,  Louisiana  State  University,  for  their  assistance  in  the 
preparation  of  this  paper. 
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DISEASES  AS  A  FACTOR  INFLUENCING  SUGARCANE  YIELDS 
IN  LOUISIANA  DURING  THE  LAST  DECAD&i' 

H.  Koike 

USDA,  ARS,  Southern  Region 

U.S.  Sugarcane  Laboratory 

Houma,  Louisiana 

ABSTRACT 

Disease  is  only  one  cause  of  reduced  sugarcane  growth  and  yield.   Two  major  factors  related  to 
diseases  may  have  contributed  to  declining  cane  yields  in  Louisiana  during  the  past  decade:   (a)  increase 
in  mosaic  disease  incidence  in  the  susceptible  varieties  like  CP  52-68  and  L  60-25  and  in  the  moderately 
susceptible  varieties  like  CP  61-37  and  L  62-96;  and  (b)  the  release  and  cultivation  of  a  variety  like 
L  62-96  (or  the  recently  released  L  65-69)  that  is  highly  susceptible  to  injury  by  ratoon  stunting 
disease  (RSD).   There  has  been  no  major  change  in  the  mosaic  strain  picture,  nor  is  there  any  evidence 
of  a  new  heat-resistant  strain  of  the  RSD  organism.   There  has  been  no  apparent  change  in  red  rot  and 
root  rot  injury  to  varieties  in  the  past  decade,  and  diseases  such  as  red  stripe,  pokkah  boeng,  and 
chlorotic  streak  are  unimportant  in  present  varieties  under  present  cultural  practices.   Losses  from  a 
combination  of  diseases  (e.g.,  mosaic  and  RSD)  can  be  additive  or  synergistic,  and  combinations  of 
diseases  occur  in  commercial  fields.   Severity  of  the  effects  of  diseases  on  the  crop  may  be  increased 
by  several  factors  that  affect  growth,  such  as  drought,  freeze,  cold  and  wet  weather,  and  chemical 
injury. 


Any  interference  in  the  normal  processes  of  a  plant  is  likely  to  reduce  growth,  and,  if  persistent, 
is  almost  certain  to  reduce  yield,  also.   Disease  can  reduce  growth  and  yield,  and  the  severity  of  its 
effect  is  determined  by  the  action  and  interaction  of  pathogen,  variety  of  plant,  environment,  and 
cultural  practices.   Some  factors  related  to  diseases  have  changed  in  the  past  decade  and  may  have 
contributed  to  declining  cane  yields  in  Louisiana  during  the  past  decade. 

There  has  definitely  been  an  increase  in  incidence  of  mosaic  in  mosaic-susceptible  varieties 
like  CP  52-68  and  L  60-25.   The  variety  CP  52-68  was  practically  free  of  mosaic  when  it  was  released 
about  15  years  ago,  but  today,  with  few  exceptions,  no  one  rogues  the  variety  due  to  high  disease 
incidence.   The  spread  of  mosaic  in  the  mosaic-susceptible  variety  L  60-25  released  only  9  years  ago 
has  made  the  variety  too  difficult  to  rogue  in  most  areas.   Similarly,  in  the  moderately  resistant 
varieties  CP  61-37,  released  in  1967,  and  L  62-96,  released  in  1969,  the  incidence  of  mosaic  has 
increased  so  that  roguing  is  not  practicable  in  most  areas. 

There  has  been  no  major  change  in  the  mosaic  strain  pattern  in  recent  years.   As  shown  in  surveys 
by  R.  L.  Tippett  (personal  communication)  and  by  me  during  the  past  8  years,  strain  H  still  predominates. 
The  highest  incidence  (20-30%)  of  strain  I  has  been  observed  in  the  Teche  area  during  the  past  8  years; 
in  other  areas  of  the  sugar  belt,  strain  I  has  remained  variable  and  moderate  in  incidence.   Declining 
yields  during  the  past  10  years  cannot  be  attributed  to  a  new  strain  of  sugarcane  mosaic. 

Except  for  CP  52-68  and  L  60-25,  which  are  tolerant  to  ratoon  stunting  disease  (RSD),  the  major 
varieties  grown  today  are  susceptible  to  RSD  injury.  Among  the  varieties  released  during  the  past  10 
years,  L  62-96  and  L  65-69  have  been  particularly  susceptible  to  RSD  injury. 

There  has  been  no  report  of  strains  of  the  RSD  organism.   By  responses  of  different  varieties 
to  heat  cure  for  RSD,  there  is  no  evidence  of  the  development  of  heat-resistant  strains  of  the 
organism. 

Red  rot  and  root  rot  injury  to  varieties  has  not  apparently  changed  in  the  past  decade.   Diseases 
such  as  red  stripe,  pokkah  boeng,  and  chlorotic  streak,  are  unimportant  in  varieties  under  present 
cultural  practices. 

Diseases  directly  and  indirectly  affect  sugarcane  varieties. 

Direct  Effects.   In  the  mosaic-susceptible  variety  CP  44-101,  yields  are  reduced  progressively 
from  plant  cane  to  second  stubble,  whereas  in  the  mosaic-tolerant  variety  NCo  310,  yields  do  not 
decrease  comparably  in  stubble  crops  (Table  1)  (2). 


-Research  at  this  location  is  done  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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Table  1.   Percentage  of  reduction  in  sugarcane  tonnage  due  to  100%  infection  with  mosaic. 

Plant  cane               First  stubble  Second  stubble 
1957    1958 1959 


Variety 


CP  44-101 
NCo  310 


16.8 
16.2 


31.3 
5.3 


50.3 

16.7 


Yield  is  reduced  as  the  incidence  or  levels  of  mosaic  increase  (Table  2).   Levels  of  mosaic  lower 
than  50%  have  not  been  shown  to  injure  cane  significantly.   With  mosaic-susceptible  varieties  like 
CP  52-68  and  L  60-25,  yields  usually  are  significantly  reduced  when  infection  levels  reach  50/  or 
higher  with  greater  reductions  at  higher  levels  (7,  8).   With  varieties  like  NCo  310  and  CP  "-357, 
which  are  more  tolerant  to  mosaic  injury,  yields  at  the  higher  levels  of  infection  are  reduced  much 
less  than  with  the  more  susceptible  varieties. 


Table  2.   Percentage  of  reduction  in  sugarcane  tonnage  due  to  different  levels  of  mosaic, 

Levels  of  mosaic  (7„) 

Variety . 


25 


50 


75 


100 


Plant  cane  1965 


(8) 


CP  52-68 
L  60-25 


CP  52-68 
CP  65-357 


5.8 
+6.8 


12.0 
12.5 


33.8 
29.6 


Plant  cane  1973 


19.2 
7.6 


30.2 
13.2 


Different  strains  of  mosaic  affect  varieties  differently.   Our  results  (Table  3)  show  that  strain  I 
more  severely  affects  yields  than  strain  H;  strain  I  affects  stands  and  stubbling  ability  more  severely 
in  some  varieties  than  does  strain  H  (4,  9). 

(9) 
Table  3.   Percentage  of  reduction  in  sugarcane  tonnage  due  to  strains  of  mosaic  (Plant  cane,  1969) 

^^__  Strains  of  mosaic . 

Variety 


H 


CP  48-103 

CP  61-37 

L  60-25 


22.0 
32.2 
48.2 


60.2 
53.7 
70.6 


Yield  reductions  from  ratoon  stunting  disease  become  more  pronounced  in  stubble  crops,  as  shown 
on  our  recent  test  (Table  4).   These  results  also  show  that  L  62-96  and  L  65-69  are  more  susceptible 


to  RSD  injury  than  the  RSD-tolerant  variety  CP  52-68. 


Table  4.   Percentage  of  reduction  in  sugarcane  tonnage  due  to  ratoon  stunting  disease. 


Variety 


CP  52-68 
L  62-96 
L   65-69 


Plant 

cane 

1973 

6 
12 
28 

9 
9* 

3-;,-:,- 

First    stubble 


1974 

18 

4 

33 

5  -.'.-* 

35 

3** 

',    ^significant   respectively   at    the    5%   and   1%   level    of   probability. 
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Combinations  of  diseases  often  reduce  growth  and  yields  more  than  each  disease  separately. 
Research  at  the  Louisiana  Agricultural  Experiment  Station  and  at  the  USDA  Sugarcane  Laboratory  in  Houma 
have  shown  additive  effects  of  mosaic  and  RSD  on  some  varieties.   Table  5  shows  additive  effects  of  the 
two  diseases  on  CP  61-37;  similar  results  were  obtained  for  L  62-96. 


Table  5.   Percentage  of  reduction  in  sugarcane  yields  due  to  mosaic  and  ratoon  stunting  disease  (RSD), 
singly  and  in  combination'". 


Variety 


CP  52- 


CP  61-37 


Treatment 


TC/A 


lb  S/A 


TC/A 


lb  S/A 


Mosaic 

RSD 

Mosaic  +  RSD 


33.3 

2.8 

38.9 


29.5 

1.9 

33.2 


33.0 
24.8 
55.2 


27.4 
18.4 
50.9 


-'Means  of  plant  cane,  1972,  and  first  stubble,  1973. 

Koike  and  Yang  (5)  reported  additive  and  synergistic  effects  of  mosaic  and  Pythium  root  rot  on 
growth  and  weights  of  different  sugarcane  varieties. 

Two  or  more  diseases  in  one  plant  are  common  in  the  field,  and  no  doubt  additive  and  synergistic 
effects  of  diseases  occur  in  commercial  sugarcane. 

Indirect  Effects.   Stubble  cane,  particularly  of  CP  52-68  and  L  60-25,  has  failed  in  recent  years 
in  several  locations.   Circumstantial  evidence  indicates  that  heavy  mosaic  infection  might  have  made 
the  stubble  cane  more  susceptible  to  freezes.   Test  results  with  mosaic-diseased  and  healthy  cane  exposed 
to  artificial  freezes  show  that  mosaic-diseased  cane  is  more  susceptible  to  freezes  than  healthy  cane 
(J.  E.  Irvine,  personal  communication).   Irvine  observed  that  in  the  field,  also,  varieties  with  mosaic 
are  more  susceptible  to  freeze  damage  than  mosaic-free  cane. 

Yang  and  Koike  (10)  observed  moderate,  additive  effects  of  moisture  stress  and  of  infection  with 
the  black  rot  fungus  Ceratocystis  adiposa  on  stubbling  ability  of  CP  61-37  and  L  60-25. 

Evidences  of  combined  effects  of  preemergence  herbicides  and  red  rot  disease  have  been  observed 
in  summer-planted  L  62-96.   The  combined  effects  were  especially  noticeable  in  fields  or  parts  of  fields 
where  the  herbicides  had  inhibited  the  normal  development  of  shoot  roots.   The  red  rot  disease  was 
noted  both  in  the  seed  cane  with  shoots  and  shoot  roots  growing  normally  and  in  seed  cane  with  shoot 
roots  distorted  and  roots  and  shoots  inhibited  in  growth.   In  the  latter,  the  disease  had  completely 
rotted  the  stalks,  whereas  in  the  former,  disease  spread  was  limited. 

Moreover,  RSD  is  more  severe  in  its  effects  when  cane  plants  are  exposed  to  drought  stress. 
Droughts  that  crops  were  exposed  to  during  the  last  3  years  undoubtedly  magnified  the  effects  of  RSD 
in  diseased  cane. 

Also,  the  wet  winter  of  1972-1973  no  doubt  contributed  to  a  higher  incidence  of  seedpiece  rot. 
Abbott  (1)  mentioned  that  "low  temperatures  and  excessive  rainfall,  which  are  in  themselves  unfavorable 
for  good  cane  growth,  are  in  turn  favorable  for  the  development  of  red  rot  and  root  rot,  while  warm,  dry 
conditions  favoring  cane,  lessen  development  of  these  diseases."  McDonald  (as  quoted  in  Abbott  (1)) 
concluded  from  his  study  of  weather  in  relation  to  sugar  production  in  Louisiana,  "Wet,  cold  conditions 
at  the  beginning  of  growth  mark  low  production  years,  and  warm,  dry  weather  in  the  same  growth  period 
favors  high  yields." 

At  times,  disease  can  be  the  main  cause  of  yield  reductions,  but  at  other  times,  it  may  be  con- 
sidered secondary  to  other  effects—chemical,  physiological,  or  environmental.   Growth  and  yield  may 
also  be  reduced  in  the  absence  of  diseases. 
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ENHANCEMENT  OF  FLOWERING  IN  CLEWISTON  VARIETIES  BY  CONTROLLED  FHOTOPERIODS 

D.  G.  Holder 

United  States  Sugar  Corporation 

Clewiston,  Florida  33440 

ABSTRACT 

Controlled  photoperiods  have  been  used  to  enhance  flowering  in  Clewiston  (Cl)  varieties  for  the 
breeding  program  at  United  States  Sugar  Corporation  for  3  seasons.   Varieties  subjected  to  controlled 
photoperiods  were  maintained  in  can  cultures.   During  photoperiod  treatments,  plants  received  natural 
sunlight  for  9  hr  each  day,  then  they  were  placed  in  a  light-proof  chamber  where  a  mixture  of  fluo- 
rescent and  incandescent  light  bulbs  provided  a  short  period  of  light  in  the  evening  and  in  the  morning. 
Thus,  the  photoperiod  was  continuous  without  interruption.   Beginning  the  controlled  photoperiods  in 
July  at  12  hr  50  min  and  shortening  the  photoperiod  about  a  minute  per  day  to  12  hr  15  min  or  to  less 
than  12  hr  15  min  produced  good  flowering  response  in  many  Cl  varieties.   Most  flowering  was  from  late 
November  to  late  December  under  these  systems. 

INTRODUCTION 

In  Florida  some  of  the  best  varieties  for  commercial  production  flower  very  late,  very  little, 
or  not  at  all  under  natural  field  conditions.   While  minimal  to  non-flowering  is  desirable  for  com- 
mercial production,  it  poses  a  problem  for  breeders.   In  field  plots  many  varieties  with  desirable 
characteristics  can  be  used  in  breeding  only  sporadically  or  never. 

Manipulation  of  the  photoperiod  is  a  tool  used  by  breeders  to  induce  flowering  in  sugarcane  to 
bring  a  wider  range  of  clones  into  crossing  programs  and  to  synchronize  those  clones  which  normally 
flower  under  natural  conditions.   In  1938  Sartoris  (7)  reported  that  a  clone  of  Saccharum  spontaneum 
flowered  with  a  13  hr  photoperiod.   Chilton  and  Paliatseas  (1)  produced  flowers  in  several  clones  when 
they  started  the  photoperiod  at  12  hr  44  min  and  reduced  the  light  period  by  1  minute  per  day.   Using 
a  continuous  12  hr  25  min  photoperiod,  Coleman  (2)  obtained  flowering  in  two  clones.   Paliatseas  (5) 
found  that  most  varieties  he  tested  were  initiated  to  flower  in  an  effective  range  of  12  hr  to  12  hr 
30  min.   It  has  further  been  shown  (4,  6)  that  a  photoperiod  shorter  than  12.5  hr  is  desirable  for  the 
development  and  emergence  of  the  initiated  inflorescence.   James  (3)  has  produced  flowers  in  many 
clones  by  starting  the  photoperiod  at  12  hr  50  min  and  gradually  reducing  the  light  period.   This  cycle 
and  variations  of  it  have  contributed  greatly  to  the  volume  of  crosses  made  in  the  USDA  program  at 
Canal  Point,  Florida  (4). 

At  United  States  Sugar  Corporation  controlled  photoperiod  has  been  used  for  3  years  to  produce 
flowers  in  a  number  of  clones  to  broaden  the  scope  of  the  breeding  program.   This  paper  reports  the 
response  of  Clewiston  (Cl)  varieties  to  the  photoperiod  treatments  imposed  in  1972,  1973,  and  1974. 

METHODS  AND  MATERIALS 

Each  year  varieties  which  were  subjected  to  controlled  photoperiods  were  handled  very  nearly  the 
same.   Clones  were  planted  as  single-eye-seedpieces  in  muck  soil  in  January.   The  young  plants  were 
transplanted  to  10  gal  cans  in  March  with  2  plants  in  each  can.   The  soil  was  a  1:1  mixture  of  sand 
and  muck,  with  fertilizer  added  to  keep  a  high  nutritional  status  through  June.   After  June,  plants 
were  fertilized  only  if  deficiency  symptoms  were  noticed.   Plants  were  watered  regularly. 

The  cans  of  plant  material  were  on  carts  for  manipulation  during  treatments.   During  the  period 
of  photoperiod  control  the  plants  were  exposed  to  natural  sunlight  and  conditions  from  8:00  am  to 
5:00  pm.   All  times  are  Eastern  Daylight  Time.   The  plants  were  in  light-proof  chambers  from  5:00  pm 
to  8:00  am  where  the  photoperiod  could  be  controlled  by  artificial  lighting.   The  lights  were  on  in 
the  chambers  at  5:00  pm.   An  automatic  timer  was  used  to  turn  the  lights  off  in  the  evening  and  on  in 
the  morning  so  there  were  periods  of  artificial  light  both  before  and  after  the  natural  sunlight.   The 
lights  were  mounted  20  ft  above  the  base  of  the  cane.   A  string  of  6   200-watt  incandescent  bulbs  were 
spaced  about  3  ft  apart  and  4   80-watt  fluorescent  bulbs  were  in  the  center  of  each  10  ft  x  20  ft 
chamber.   During  July,  August,  and  September,  night  temperatures  in  the  chambers  were  80-83  F.   In 
October,  November,  and  December  the  night  temperatures  were  7  5-80  F.   When  treatments  were  terminated 
plants  were  exposed  to  natural  day  lengths . 

Two  treatments  were  applied  each  season  with  the  idea  of  spreading  the  flowering  period  of  indi- 
vidual varieties.   The  flowering  date  was  recorded  as  the  first  day  a  flower  could  be  used  in  a  cross. 


This  paper  was  presented  at  the  1975  meeting  of  the  Florida  Division  of  the  ASSCT. 
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was   maintained   40   days    and   terminated   on   October   25. 

Treatments    5   and   6   were   conducted   during  the   1974   season.      The   treatments   were  parted  on  August    : 
which  lis   about   2  weeks    later    than   in   the   previous    years.      Treatment        began  a      a   12  hr  45  min  photo^ 

aPriodhf  4?5min  S-^^^rir^SS^e'SrShVj   nrVsTin^toperiod    (6:04   am  to 
7  8   days    to    11  hr   6  min    (7:03   am  to   6:09    pm).      The   treatment   was    terminated   on  November   22. 

RESULTS   AND   DISCUSSION 
The  response   to   treatments    1  and   2  was    encouraging    (Table    1).      Three  varieties    produced   flowers 

than  12  hr  31  .in   Is  helpful  for   the  development  and  emergence  of  the  initiated  rnf loreacenoa  i» 
tloierrns'J  S^  SSU  "^  uT.T£  » Si  2^ *2  E££  ™£ 

treatments . 


Table  1.   Flow 

ering 

response  or  o 
talks  t-rpatp.d 

varieties 
Percent 

SUD^ecLeu  lu 
emergence 

Days  to  flow 

.   1/ 
armg— 

Range 

Mean 

Treat 
1 

Treat. 
2 

T 

reat . 
1 

Treat. 
2 

Treat. 
1 

Treat. 
2 

Treat. 
1 

Treat . 
2 

F  36-819 
Cl  47-83 

13 
20 

12 
18 

23 
70 

0 
0 

180-188 
163-188 

- 

182 
172 

- 

Cl  54-312 
Cl  54-336 
Cl  54-378 

20 
20 
12 

21 
16 
16 

0 
20 
58 

0 

0 

88 

188-188 
145-173 

149-184 

188 
154 

174 

Cl  54-405 

21 

21 

0 

0 

_ 

Cl  58-37 
Cl  59-1332 
Cl  61-205 

15 

9 

17 

15 

9 

21 

0 
78 
12 

0 
89 
14 

117-119 
149-177 

134-145 
149-177 

118 
163 

136 
167 

1/Days  from  beginning  of  treatment  to  flowering. 

TbP  resoonse  to  treatments  3  and  4  was  excellent  (Table  2).   There  was  nearly  100%  flowering 

^SnS 

four "Tietiel  were  1  to'  2  weeks  later  and  four  varieties  were  4  to  5  weeks  ater  han  jn  r  atm  n  4 
Only  Cl  47-83,  Cl  59-1332,  and  Cl  54-378  flowered  under  natural  conditions,  but  all  natural  lowering 
was    too    late   to   effectively   be   used   in   the  crossing   program. 
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Table  2.   Flowering  response  of  8  varieties  subjected  to  controlled  photoperiods  during  1973 


1/ 

No.    stalks 
Treat. 

treated 
Treat . 

Percent 
Treat. 

emergence 
Treat. 

Days    to    fl 

Dwermg 

Range 

Mean 

Treat . 

Treat. 

Treat . 

Treat. 

Clone 

3 

4 

3 

4 

3 

4 

3 

4 

F 

36-819 

12 

11 

100 

100 

145- 

-165 

126- 

-135 

154 

130 

CI 

47 

-83 

15 

14 

100 

100 

164- 

-172 

128- 

-137 

168 

134 

CI 

54 

-378 

21 

20 

100 

100 

149- 

-159 

116- 

-124 

153 

119 

CI 

54 

-405 

12 

12 

100 

100 

164- 

176 

135- 

-153 

170 

144 

CI 

59- 

-1332 

14 

18 

100 

100 

128- 

143 

114- 

■131 

131 

119 

CI 

61- 

-205 

10 

12 

100 

67 

135- 

159 

128- 

■145 

144 

135 

CI 

61 

-355 

12 

16 

58 

100 

142- 

159 

124- 

■146 

151 

133 

CI 

65- 

-260 

10 

11 

100 

100 

145- 

166 

121- 

-137 

158 

128 

iVDays  from  beginning  of  treatment  to  flowering. 

Treatments  5  and  6  were  successful  in  producing  a  large  number  of  flowers  (Table  3).   There  was 
only  a  difference  of  a  few  days  in  the  range  of  flowering  for  individual  varieties  entered  in  both 
treatments.   The  period  of  most  flowering  was  December  1  to  December  20,  which  was  satisfactory  for 
making  crosses  with  naturally  flowering  nursery  materials.   In  those  clones  which  had  less  than  100% 
flowering  there  were  many  initiated  stalks  in  which  the  inflorescence  aborted  before  emergence.   Of 
the  clones  treated,  only  Cl  54-336  and  CI  54-378  showed  signs  of  bolting  under  natural  conditions  near 
the  end  of  the  crossing  season. 


1/ 

No.    stalks 
Treat . 

treated 
Treat. 

Percent 
Treat. 

emergence 
Treat. 

Days    to   fl 

Dwering- 

Range 

Mean 

Treat . 

Treat. 

Treat 

Treat . 

Dlone 

5 

6 

5 

6 

6 

5 

6 

F  . 

36-819 

13 

69 

128- 

-153 

137 

Cl 

47 

-83 

14 

13 

100 

100 

135- 

-142 

132 

-139 

139 

137 

Cl 

49 

-200 

9 

8 

22 

25 

128- 

-135 

135- 

-135 

132 

135 

Cl 

54- 

-336 

15 

- 

100 

- 

142- 

-149 

146 

- 

Cl 

54- 

-378 

17 

13 

100 

100 

121- 

-132 

123- 

-132 

126 

126 

Cl 

58- 

-37 

14 

12 

57 

50 

132- 

•139 

132- 

-142 

136 

137 

Cl 

61- 

-205 

17 

41 

76 

83 

128- 

■142 

124- 

-142 

134 

133 

Cl 

61- 

-355 

16 

13 

56 

92 

132- 

135 

120- 

■135 

133 

129 

Cl 

65- 

-260 

14 

13 

40 

15 

139- 

160 

139- 

•139 

151 

139 

Cl 

66- 

-577 

7 

7 

43 

71 

132- 

132 

132- 

145 

132 

136 

JVDays  from  beginning  of  treatment  to  flowering. 

Nearly  100%  of  the  flowers  produced  by  controlled  photoperiods  have  been  used  in  crosses.   Such 
clones  as  Cl  47-83,  Cl  49-200,  Cl  54-378,  Cl  58-37,  Cl  61-205,  and  Cl  61-355  have  been  primarily  used 
as  male  parents.   Cl  59-1332  is  normally  used  as  a  female  parent  under  natural  flowering  conditions. 
Flowers  of  Cl  59-1332  from  treatment  4  in  1973  were  functionally  female;  however,  those  from  treatment 
emerged  later  and  were  good  pollen  producers.   Other  clones  flowering  under  controlled  photoperiods 
were  used  as  female  parents . 

Beginning  the  controlled  photoperiod  in  July  at  12  hr  50  min  and  gradually  shortening  the  photo- 
period  about  a  minute  per  day  to  12  hr  15  min  or  less  produced  satisfactory  flowering  in  most  Cl 
varieties.   Most  flowering  was  from  late  November  to  late  December  under  these  systems.   The  degree 
of  flowering  and  time  of  emergence  varied  with  varieties . 
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ABSTRACT 


The  Jensen-Haise  irrigation  scheduling  method  is  a  practical  way  of  estimating  soil  water 
depletion  by  evapotranspiration  to  schedule  sugarcane  irrigations  in  South  Texas.   Sugarcane  crop 
coefficients  for  estimating  soil  water  depletion  using  climatic,  soil,  and  crop  parameters  were 
determined.   Daily  soil  water  depletion  was  estimated  for  subsequent  sugarcane  crops  by  utilizing 
the  crop  coefficients,  solar  radiation,  and  mean  air  temperature,  and  irrigations  were  scheduled  by 
a  soil  water  accounting  procedure.   Over  a  2-year  period,  the  irrigation  scheduling  procedure  estimated 
irrigations  within  1  to  2  days  of  that  indicated  by  the  measured  soil  water  status.   The  procedure  also 
estimates  the  amount  of  water  required  to  refill  the  root  zone. 

INTRODUCTION 

Limited  water  resources  in  many  parts  of  the  country  require  efficient  water  utilization  by  all 
disciplines.   Agriculture  in  arid  and  semiarid  regions  must  be  particularly  efficient,  since  enormous 
amounts  of  irrigation  water  are  used  to  produce  crops.   Whether  water  use  is  efficient  depends  upon 
growers  knowing  when  to  irrigate  and  how  much  water  to  apply.   Moreover,  they  must  have  some  knowledge 
of  the  soil  water  status  at  any  given  time,  to  assist  in  making  crop  management  decisions  (17,  1,  12). 
Many  growers  have  recognized  the  need  for  increased  irrigation  efficiencies.   Proper  irrigation 
scheduling — timing  of  irrigations  and  amount  of  water  applied — can  be  very  effective  means  of  increasing 
water  use  efficiencies  (2,  3,  13). 

During  the  past  30  years,  many  scientific  man  years  have  been  expended  throughout  the  world 
developing  various  approaches  to  provide  the  grower  with  a  practical  method  to  schedule  crop  irrigations. 
Several  instruments  are  commercially  available  for  determining  the  soil  water  status,  like  soil  moisture 
blocks,  tensiometers,  thermal  conductivity  units,  and  neutron  metering  devices  (7,  2,  3,  6).   These 
instruments  are  important  research  tools;  however,  they  are  not  satisfactory,  practical,  or  economical 
for  field  use  by  growers. 

Many  methods  for  estimating  evapotranspiration  (ET)  for  various  crops  in  broad  climatic  regions 
have  been  developed.   Penman  (15)  and  Thornthwaite  (16)  developed  different  procedures  to  estimate 
ET  using  the  energy  balance  approach.   These  procedures  have  limitations  for  widescale  use  by  growers 
because  they  require  elaborate  instrumentation  to  collect  the  needed  meteorological  data. 

Jensen  and  Haise  (8,  9)  estimated  ET  effectively  using  solar  radiation  (Rs)  and  mean  air  temperature 
(Tm)  as  the  main  parameters.   Their  procedure  is  simple  and  provides  desirable,  short-term,  average  ET 
estimates;  however,  the  method  does  require  a  crop  coefficient  curve  that  expresses  the  ratio  of  ET 
to  potential  ET  (ET/ETp)  as  a  function  of  crop  growth  stage. 

Sugarcane  is  a  tropical  crop  which  requires  an  adequate  soil  water  supply  to  achieve  optimum  growth 
(14,  4,  5).   Sugarcane  growth  is  frequently  restricted  by  a  limited  seasonal  rainfall  in  the  Lower  Rio 
Grande  Valley  of  Texas.   Therefore,  effective  irrigation  management  practices  are  essential. 

Our  purpose  in  this  paper  is  to  develop  and  test  crop  coefficients  for  estimating  ET  of  sugarcane 
in  this  climatic  region  (Lower  Rio  Grande  Valley)  and  to  describe  a  grower-oriented  irrigation  scheduling 
technique  (Jensen-Haise  Method)  which  can  be  used  by  growers,  irrigation  districts,  or  private  service 
companies. 

THEORY 

Irrigation  scheduling  using  meteorological  data  (energy  budget  approach)  relies  on  dependable  daily 
estimates  of  potential  ET  (ETp) .   Potential  ET  is  defined  as  the  ET  of  a  crop  with  complete  ground 
cover  (aerodynamically  rough  surface)  having  adequate  moisture.   ETp  is  governed  by  climatic  factors, 
like  solar  radiation  (RS) ,  temperature,  humidity,  dew  point,  and  wind.   In  South  Texas,  it  has  not  been 
necessary  to  consider  the  last  three  factors  since  the  continuous  prevailing  winds  from  the  Gulf  of 
Mexico  carry  in  moisture  which  results  in  high  relative  humidities.   Therefore,  ETp  is  computed  as 
follows  (10,  11)  : 

ETp  =  CT  (Tm  -  Tx)  Rs 
where  C  =  an  air  temperature  constant  derived  from  the  long-term  mean  maximum  and  minimum  air  temperature 
for  the  warmest  month  at  a  given  location.   (0.0112  for  South  Texas)  CT  =  1.0/ (C,  +  C„C„) 
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where  C  = 


-  3.6  (elevation) 
1000 


C2  =  13 

C  =  37.5/(Psx  -  Psn) 
where  Psx  =  saturated  vapor  pressure  at  mean  maximum  daily  temperature 
Psn  =  saturated  vapor  pressure  at  mean  minimum  daily  temperature 

5  :  riocaSon  constanT^ls  the  linear  equation  intercept  on  the  temperature  axis, 

20.0  for  South  Texas;  (Tx  =  27.5  -  0.33  (Psx  -  Psn)  -  E/1000) 
Rs  =  daily  solar  radiation  expressed  in  equivalent  depth  of  water  evaporated. 

Tn  rnmnpnqate  f0r  the  stage  of  crop  development  and  the  difference  among  crops  the  Jensen-Haise 
Method  rehire  a  crop  coefficient.   This  dimensionless  coefficient,  unique  to  each  type  of  crop  (extras, 
sugarcane   cotton,  etc.),  adjusts  the  ETp  to  the  expected  ET  for  the  particular  crop. 

ET  =  KcETp 

where  Kc  =  a  dimensionless  unique  crop  coefficient  which  is  also  influenced  by  soil  surface  wetness  and 
the  diminishing  available  soil  water.   This  Kc  is  estimated  as  follows. 

Kc  =  KcoKa  +  Ks 

where   Kco   =   the  mean   crop   coefficient   developed  experimentally   from  crops  with   adequate    soil  water   and 

Ka  =   a^rativelroP^efficient   as    influenced   by   available   soil  water        It    is   proportional   to 
the   logarithm  of    the   percentage   of    remaining   available   soil  water    (AW) . 

Ka  =    In    (AW  +   l)/ln    (101); 

Ks  =  a  coefficient  reflecting  soil  surface  wetness  due  to  irrigation  or  rainfall.   Values  f or 

the  first,  second,  and  third  day  after  rain  or  irrigation  are  (0.9  -  Kco)  0.8,  (0.9   kco; 
0.5;  and  (0.9  -  Kco)  0.3,  respectively. 


The  total  value  for  KccKa  +  Ks  will  not  exceed  1.0  for  most  crops  (11). 


EXPERIMENTAL  PROCEDURES 

This  experiment  was  designed  to  obtain  the  ET  data  necessary  for  developing  a  crop  coefficient 
curve  for  sugarcane  and  was  conducted  at  Weslaco,  Texas,  on  a  Hidalgo  sandy  clay  loam  soil.   Sugarcane 

tCw   planted  in  December  1971  using  a  complete  factorial  with  three  row  spacings-122 , 
152   and  182  m-and'three  irrigation  regimes-40,  60,  and  80%  allowable  depletion--arranged^  n 
randomized  complete  block  design  in  triplicate.   Plots  were  six  rows  wide  by  15  2m  long  _  Each  plot 

the  entire  1.5-m  soil  profile  to  field  capacity.   Irrigation  water  was  measured  with  a  Hersey  Sparling 
meter. 

Plant  canopy  height  was  measured  weekly  to  relate  crop  coefficients  to  the  stage  of  crop  growth. 

The  ET  was  determined  from  two  complete  growing  seasons  in  1972  and  1973.   Periods  not  used  were 
those  between  the  last  soil  water  measurement  before  irrigations  and  the  first  measurement  after  irri- 
gations! Is  well  as  those  intervals  when  there  would  have  been  considerable  drainage,  as  when  heavy 
rains  followed  an  irrigation. 

Solar  radiation  data  were  obtained  from  an  Eppley  pyranometer  1™^«^™££™V* 
weather  station  adjacent  to  the  study  area.  Temperature  data  were  obtained  from  official  U.  S. 
Weather  Bureau  maximum  and  minimum  thermometers  at  this  station. 

The  length  of  the  growing  season  was  from  planting  to  harvest  for  the  plant  crop  m*  f™.  ^^ 

TsllsllTsLVTo,   ^atfror  differences  in  the  time  ^'^^^S,^  "*"* 
Longevity  of  period  was  estimated  as  number  of  days  between  starting  date  and  effective  cover. 

RESULTS  AND  DISCUSSION 


Development  of  Crop  Coefficients 


The  ET:ETP  ratios  for  sugarcane  variety  NCo  310,  grown  on  two-row  spacings,  were  calculated  from 
measured  ET  values  obtained  during  drying  cycles  in  1972.   These  ratios  versus  canopy  height  (Fig.  1) 
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establish  the  canopy  height  at  which  ET  is  maximum.   The  ratios  increased  rapidly  from  less  than  0.1 
at  the  starting  date  to  nearly  1.0  when  the  canopy  heights  reached  120  cm.   Thereafter,  the  ratios 
leveled  off  and  remained  slightly  below  1.0  for  the  rest  of  the  growing  season.   This  shows  that  ET 
is  maximum  when  canopy  height  is  approximately  120  cm.   The  row  spacings  tested  did  not  seem  to  affect 
time  of  maximum  ET. 
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Figure  1.   ET/ETp  ratio  vs.  canopy  height. 


Canopy  height  was  also  plotted  as  a  function  of  time  to  determine  when  canopy  height  reached  120  cm 
(Fig.  2).   Canopy  height  reached  120  cm  on  about  May  15  for  the  1972  and  1973  growing  seasons.   Figure  2 
represents  cane  growth  data  for  both  years.   Using  this  information,  a  crop  factor  curve  (Kco)  for 
sugarcane  NCo  310  in  the  Lower  Rio  Grande  Valley  was  determined  (Fig.  3).   These  crop  coefficients 
enable  the  prediction  of  the  soil  water  depletion  and  the  scheduling  of  irrigation  from  weather  data 
(incident  solar  radiation  and  mean  daily  temperature). 

Testing  of  Crop  Coefficients 

The  soil  water  depletion  schedule  is  usually  started  after  a  heavy  rain  or  an  irrigation  when  the 
soil  water  is  near  field  capacity.   ET  estimates  are  determined  daily.   By  subtracting  ET  from  the 
available  water  supply  and  by  adding  precipitation  and  irrigation  to  the  supply,  a  running  balance  is 
maintained  so  that  the  amount  of  available  water  in  the  soil  profile  at  any  time  is  known.   When  the 
available  water  in  the  soil  is  depleted  to  a  predetermined  amount,  irrigations  are  initiated.   This 
procedure  also  provides  an  estimate  of  how  much  water  should  be  applied  to  replenish  the  soil  with  water. 

The  crop  coefficients  reported  here  were  used  for  irrigation  scheduling  of  three  irrigation  regimes 
during  the  1973  and  1974  sugarcane  crops  at  our  USDA  Research  Farm  and  at  10  other  sugarcane  fields  in 
cooperation  with  growers.   The  technique  satisfactorily  estimates  crop  water  use. 

Table  1  shows  the  irrigation  dates  as  determined  for  the  60%  allowable  depletion  treatment  with  the 
4->  5-,  and  6-ft  row  spacings.   The  estimate  dates  vary  from  1  to  2  days  as  compared  with  the  measured 
soil  moisture  status.   Figure  A  shows  two  moisture  depletion  schedules  with  reasonably  close  agreement 
between  measured  and  estimated  soil  moisture.   This  degree  of  accuracy  is  well  within  the  growers' 
practical  needs. 
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Planted  12-17-71 
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M  J  J  A 

1972  -  1973 

Figure  2.   Canopy  height  vs.  time  for  two  growing  seasons. 
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Figure  3.   Sugarcane  crop  coefficient  curve  for  Lower  Rio  Grande  Valley  of  Texas. 
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Table  1.   Irrigation  dates  for  60%  water  depletion  estimated  by  evapotranspiration  methods  and  measured 
by  neutron  probe  for  three  dif ferent  sugarcane  row  spacings  during  1974. 


4-ft  row  spacing 
Estimated     Measured 


March  3 
April  17 
May  17 
June  7 
June  27 
July  20 
August  6 
August  21 


March  2 
April  17 
May  20 
June  8 

July  20 
August  7 
August  21 


5-ft  row  spacing 
Estimated     Measured 


March  10 
April  26 
May  21 
June  5 
June  27 
July  20 
August  5 
August  21 


April  24 
May  20 
June  6 
June  27 
July  18 
August  6 
August  21 


6-ft  row  spacing 
Estimated       Measured 


February  20 
April  29 
May  21 
June  6 
June  27 
July  19 
August  5 
August  21 


February  21 

May  20 
June  6 
June  28 
July  20 
August  5 
August  21 


Estimated 
Neutron 


60%  Allowable 
depletion 


40%  Allowable 
depletion 


Figure  4.   Estimated  and  measured  available  soil  moisture  for  two  irrigation  regimes. 

The  Jensen-Haise  method  of  scheduling  irrigations  in  the  Lower  Rio  Grande  Valley  is  a  very  useful 
water  management  tool  for  increasing  water-use  efficiency.   The  procedure  is  simple,  and  growers  can 
easily  develop,  their  own  scheduling  programs. 
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PINEAPPLE  DISEASE  IN  SOME  FIELDS  ASSOCIATED  WITH 
POOR  GERMINATION  OF  SEED  CANE  IN  LOUISIANA-i-' 

Shaw-ming  Yang 

U.S.  Sugarcane  Field  Laboratory,  Southern  Region,  ARS,  USDA 

Houma,  Louisiana   70361 

ABSTRACT 

Poor  stands  occurred  in  commercial  sugarcane  fields  in  Louisiana  in  1974  and  1975.   Field 
observations  were  followed  by  sampling  of  ungerminated  seed  pieces  of  3  cultivars  (CP  52-68,  CP  65-357, 
and  L  62-96).   Samples  were  taken  from  sandy  loam  and  heavy  clay  fields  planted  with  hot-air-treated 
and  untreated  seed  pieces.   Symptoms  suggested  the  presence  of  pineapple  disease,  red  rot,  and  stem  rot. 
Isolations  made  from  ungerminated  seed  pieces  yielded  fungi  belonging  to  11  species  and  7  genera.   Of 
these  isolates,  only  those  causing  pineapple  disease  (Ceratocystis  paradoxa) ,  red  rot  (Colletotrichum 
f alcatum) ,  and  stem  rot  (Fusarium  moniliforme)  affected  germination.   £.  paradoxa  was  isolated  from  86% 
of  169  ungerminated  seed-piece  samples  from  sandy  loam  and  from  38%  of  112  samples  from  heavy  clay.   The 
fungus  was  also  obtained  from  93%  and  35%  of  soil  samples  of  sandy  loam  and  heavy  clay,  respectively. 
_C.  falcatum  was  isolated  from  2%  of  169  ungerminated  seed-piece  samples  from  sandy  loam,  and  from  13%  of 
112  samples  of  seed  pieces  from  heavy  clay.   This  fungus  was  not  obtained  from  soil  samples.   The  results 
suggest  that  pineapple  disease  contributed  to  poor  stands,  particularly  in  sandy  loam. 

INTRODUCTION 

Poor  stands  of  3  sugarcane  cultivars,  CP  52-68,  CP  65-357,  and  L  62-96,  were  observed  in  1974  and 
1975  in  some  fields  of  Valhi,  Inc.,  in  Houma  and  Thibodaux.   Both  hot-air-treated  and  untreated  seed 
pieces  were  involved.   Many  ungerminated  seed  pieces  showed  a  black  discoloration  and  disintegration  of 
the  central  core;  others  exhibited  a  red  to  reddish  brown  internal  discoloration.   The  internal  discolor- 
ation of  the  ungerminated  seed  pieces  suggested  that  fungal  pathogens  were  involved. 

Fungal  pathogens  associated  with  seed-piece  rot  are  well  documented  in  the  literature  (1,  2,  6,  8,  10). 
In  Louisiana  the  red  rot  (Colletotrichum  falcatum  Went,  the  imperfect  stage  of  Glomerella  tucumanensis 
(Spec.)  v.  Arx  et  E.  Muell)  is  considered  the  most  important  seed-piece  disease  (1,  2,  6).   Pineapple 
disease  (Ceratocystis  paradoxa  (Dade)  C.  Moreau)  occurred  occasionally  in  seed  pieces  planted  in  poorly 
drained  soils  in  winter  (6).   The  other  seed-piece  rots,  such  as  Fusarium  (6)  and  Phytophthora  (10)  rots, 
rarely  occurred. 

The  black  discoloration  and  disintegration  of  the  central  core  in  most  of  the  ungerminated  seed 
pieces  indicated  the  involvement  of  C.    paradoxa  rather  than  C_.  falcatum  in  the  poor  stands  of  the  three 
cultivars.   Studies  were,  therefore,  initiated  to  determine  the  fungi  associated  with  the  poor  germination. 

MATERIALS  AND  METHODS 


Ungerminated  seed  pieces  of  3  sugarcane  cultivars,  CP  52-68,  CP  65-357,  and  L  62-96,  were  collected 
from  fields  showing  poor  stands.   Date  of  planting,  soil  type,  whether  hot-air-treated  or  untreated  seed 
pieces,  total  number  of  seed  pieces  collected  from  each  location,  and  date  of  collection  are  shown  in 
Table  1.   Untreated  seed  pieces  of  CP  52-68  and  L  62-96  planted  in  sandy  loam  soil  were  not  available. 

Isolation  of  fungi  from  ungerminated  seed  pieces.   Seed  pieces  were  washed  in  tap  water  and  in  0.1% 
HgCl2  solution,  then  split  aseptically  with  a  knife.   Four  pieces  of  tissues  (0.5  x  1.0  cm)  were  removed 
aseptically  from  each  internode  and  immersed  in  0.1%  HgCl~  solution  for  2  min  and  rinsed  twice  in  sterile 
water  for  at  least  5  min.   The  tissue  pieces  were  incubated  in  petri  dishes  at  25  or  30  C  for  2  to  7 
days  either  on  potato  dextrose  agar  (PDA)  amended  with  200  ppm  streptomycin  or  on  acidified  oatmeal  agar 
(OMA) .   Pure  cultures  of  isolated  fungi  were  maintained  on  PDA  or  OMA  in  test  tubes  for  identification 
and  for  pathogenicity  tests. 

Fungi  recovered  from  soil.  Two  sandy  loam  soil  samples  and  two  heavy  clay  soil  samples  were  collected 
from  fields  with  poor  stands.   Pathogenic  fungi  were  isolated  from  sugarcane  stalk  tissues  which  had 
been  incubated  with  the  soil  samples.   Twenty  pieces  of  freshly  cut  stalk  tissues  without  rind 
(1-2  x  0.5-0.8  cm)  of  CP  65-357,  added  to  a  sieved  soil  sample  (2  mm  mesh)  in  a  polyethylene  interlocking 
seal  bag  (25  x  25  cm),  were  incubated  at  25  C  for  1  to  2  weeks.   The  stalk  tissues  were  then  removed  from 
the  bag,  washed  in  running  tap  water,  rinsed  in  sterile  distilled  water  3  times,  and  placed  on  PDA 
amended  with  200  ppm  streptomycin  or  on  acidified  OMA  in  petri  dishes.   The  plates  were  incubated  at  25 
or  30  C  for  2  to  7  days.   Fungi  grown  from  the  tissues  were  transferred  to  PDA  or  OMA  in  test  tubes  for 
identification  and  pathogenicity  studies. 


—  Research  at  this  location  is  done  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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Ten  one-node  seed  pieces  of  CP  65-357  were  also  planted  in  the  sandy  loam  soil  and  heavy  clay  soil 
in  pots   The  planted  seed  pieces  were  kept  on  a  greenhouse  bench  for  6  weeks.   Numbers  of  ungerminated 
seed  pieces  were  recorded.   Fungi  were  isolated  from  the  ungerminated  seed  pieces  by  the  method  described 
above. 

Pathogenicity  tests.   Either  spore  suspensions  or  pieces  of  mycelium  on  agar  of  a  selected  isolate  were 
used  to  inoculated  to  5  stalks  of  each  cultivar  by  the  puncture  method  (2).   Stalks  peculated  wxth 
sterile  water  or  sterile  agar  were  used  as  controls.   The  inoculated  stalks  were  incubated  at  20  to  22  C  for 
f weeks  before  the  discoloration  of  internal  tissues  was  recorded.   The  fungi  were  reflated  from  the 
inoculated  stalks. 

RESULTS 

Isolation  of  fungi  from  ungerminated  seed  pieces.   Eleven  species  belonging  to  7  genera  of  fungi  were 
isolated.   The  relative  frequency  of  C.  p^radc^T^falj^tum  and  Fusarium  monlliforme  (Fusarium  seed-cane 
rot  pathogen)  and  other  Fusarium  species  isolated  from  the  ungerminated  seed  pieces  is  shown  in  Table  1 
Among  seed-piece  samplesTr^andy  loam  soil,  C.  paradoxa  was  isolated  from  146  seed  pieces  and  occurred 
To   ^frequently,   ^decreasing  order  of  frequency,  other  fungi  isolated  were  Trichoderma  spp    includi ng 
T.  harzianum  Rifai  aggr.  ,  T.  koningii  Pud,  aggr. ,  T.  pseudokoning.i  Rifai  aggr   and  T.vir^  Per  . 
Gray  aggr.),  Fusarium  spp.  (including  F.  moniliforme  and  F.  solani  (Mart.)  Appel  6.  Mr.  24  samples  , 
Penlcillium  spp.  (21  samples),  Aspergillus  niger  Van  Tieghem  (11  samples),  C.  falcatum  (3  samples),  and 
Sizoctonia-  solani  Kuhn  (1  sample^.   Mong"  the  seed-piece  samples  from  heavy  clay  soils   Tr^ogrma  sPP . 
(55  samples)^s~Tsolated  most  frequently,  followed  in  decreasing  order  by  C.  paradoxa  (4.  samples), 
A  niger  (32  samples),  Penlcillium  spp ■  (18  samples),  C.  falcatum  (16  samples),  Fusarium  spp.  (14  samples), 
and  R.  solani  (2  samples). 


Table  1   Sugarcane  cultivars,  with  or  without  heat  treatment  of  seed  canes,  date  of  planting,  soil  types, 

number  of  ungerminated  seed  pieces  collected,  date  of  collection  and  frequency  of  3  seed-piece 
pathogens  isolated  from  the  ungerminated  seed  pieces. _ _ 


With  or 

Cultivars 

without 

hot-air 

treatment- 

L  62-96 

+ 

L  62-96 

+ 

L  62-96 

- 

CP  52-68 

+ 

CP  52-68 

+ 

CP  52-68 

- 

CP  65-357 

+ 

CP  65-357 

+ 

CP  65-357 

- 

1/ 


Date 
planted 


Soil 
type 


No. 
ungerminated 
seed  pieces 
collected 


,2/ 


Date 

samples 

collected 


Frequency  of  pathogens  isolated- 
Cerato-    Colleto-   Fusarium  monili- 


cystis 
paradoxa 


tr ichum 
falcatum 


forme  and  other 
Fusarium  species 


8/20/73 
8/20/73 
8/20/73 
8/19/73 
8/19/73 
9/22/74 
9/20/73 
8/21/74 
8/21/74 


Loam 
Clay 
Clay 
Loam 
Clay 
Clay 
Loam 
Loam 
Loam 


33 
27 
17 
45 
35 
33 
28 
43 
20 


3/19/74 
4/  3/74 
3/19/74 
4/  3/74 
4/  3/74 
1/21/75 
3/19/74 
11/25/74 
11/25/74 


.62 
.33 
.41 
.89 
.43 
.33 
.86 
1.00 
.95 


.04 
.06 
.02 
.03 
.39 
.05 

.05 


0 


.21 
.11 
.29 
.11 
.27 
.06 
.13 
.17 
.14 


hr  before  planting; 


U+   indicates  seed  pieces  had  been  treated  at  58  C  inlet  temperature  for 

I/Frequercrof^unral  isolateTwas  expressed  as  the  number  of  internodes  from  which  isolates  ,ere  obtained 
_  divided  by  the  total  number  of  internodes  of  one  cultivar  from  one  location. 


The  red  rot  pathogen  was  isolated  rarely  from  the  ungerminated,  hot-air-treated  seed  pieces  of  the  3 
cultivars  and  infrequently  from  ungerminated,  untreated  seed  pieces  of  CP  65-357  and  L  62-96    ^ 
pathogen  was  observed  in  almost  half  of  the  ungerminated,  untreated  seed  pieces  of  CP  52-68  collected 
from  heavy  clay  soil.   Phytophthora  was  not  isolated  from  ungerminated  seed  pieces. 

Fungi  recovered  from  soil.   Seven  species  in  3  genera  of  fungi  were  recovered  from  soils.   The  isolated 
fungi  were  C.  paradoxa,  F."^ilif  orme ,  F.  solani,  T.  harzianum,  T.  koningii,  T.  pseudokoningii ,  and  T 
viride.   C.~pa7ado^r^as~detected  in  93%  and  35%  of  tissues  buried,  respectively,  in  sandy  loam  and  heavy 
TlaTloill.   Fusarium  spp.  were  recovered  from  28%  and  43%  of  tissues  placed  in  sandy  loam  and  heavy  clay 
soils,  respectively.   Species  of  Trichoderma  occurred  in  75%  and  100%  of  tissues,  respectively,  buried 
in  sandy  loam  and  heavy  clay  soils. 

Seventy  percent  and  35%  of  one-node  seed  pieces  planted  in  sandy  loam  and  heavy  clay  soils  did  not 
germinate  in  6  weeks  in  the  greenhouse.   C.  paradoxa  was  isolated  from  more  than  70%  of  the  ungerminated 
seed  pieces.   C.  falcatum  was  not  isolated  from  the  ungerminated  seed  pieces. 
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Pathogenicity  tests.   All  tested  isolates  of  C.  paradoxa  were  moderately  to  severely  pathogenic  to 
stalks  of  the  3  cultivars.   The  isolates  of  C.    falcatum  attacked  stalks  of  CP  52-68  and  CP  65-357 
slightly  to  moderately.   The  reaction  of  L  62-96  to  C^.  falcatum  was  not  consistent;  some  stalks  were 
moderately  susceptible,  while  others  were  resistant.   Stalks  of  the  3  cultivars  were  also  attacked,  though 
slightly,  by  the  isolates  of  J\  moniliforme.   The  buds  of  infected  internodes  were  killed  by  these  3 
pathogens.   Although  F_.  solani  and  species  of  Trichoderma  occasionally  spread  to  adjacent  internodes  from 
the  site  of  inoculation,  they  did  not  kill  the  buds.   The  isolates  of  £.  paradoxa,  C.    falcatum  and  F. 
moniliforme  were  recovered  from  the  inoculated  stalks. 

DISCUSSION 

Although  11  species  of  fungi  were  isolated  from  the  ungerminated  seed  pieces  of  the  3  sugarcane 
cultivars,  only  3  species,  £.  paradoxa,  C_.  falcatum,  and  _F.  moniliforme,  were  pathogenic  to  the  buds  of 
seed  pieces.   Isolates  of  C_.  paradoxa  and  C_.  falcatum  were  more  detrimental  to  germinations  of  seed 
pieces  than  isolates  of  F_.  moniliforme.   Species  of  Trichoderma  and  F_.  solani  were  slightly  pathogenic 
to  the  inoculated  stalks  even  though  they  did  not  kill  the  buds. 

Ceratocystis  paradoxa  occurred  most  frequently  in  the  ungerminated  seed  pieces  of  the  3  cultivars 
and  in  soils.   This  pathogen  was  especially  common  in  ungerminated,  hot-air-treated  seed  pieces  and  in 
sandy  loam  soil,  whereas  C.    falcatum  was  observed  only  rarely  in  the  ungerminated,  hot-air-treated 
seed  pieces.   Although  there  are  many  factors  influencing  bud  germination,  C_.  paradoxa  in  soils  is  among 
the  more  important  factors  responsible  for  reducing  the  germination  of  hot-air-treated  seed  pieces. 

Edgerton  (6)  reported  that  pineapple  disease  in  Louisiana  occurred  only  occasionally  during  winter 
when  the  temperature  was  low  while  the  seed  canes  were  more  or  less  inactive.   Isolation  of  C_.  paradoxa 
from  more  than  95%  of  ungerminated  seed  pieces  of  CP  65-357  and  from  soils  collected  in  November,  1974, 
indicates  that  this  pathogen  could  infect  seed  pieces  of  some  present  commercial  cultivars  in  late 
August  and  early  September.   The  pineapple  disease  in  Puerto  Rico  also  occurred  mostly  in  the  summer 
when  the  soil  moisture  was  below  22.5%  and  the  soil  temperature  was  22  to  32  C  (7).   This  is  the  first 
report  on  the  infection  of  planted  seed  pieces  by  C_.  paradoxa  in  the  summer  in  Louisiana. 

The  severity  of  pineapple  disease  in  planted  seed  pieces  is  greatly  affected  by  soil  and  weather 
conditions  that  retard  the  germination  of  the  buds  or  the  growth  of  young  shoots  (6) .   When  seed  pieces 
are  planted  in  soils  with  low  moisture  in  late  August  or  early  September,  bud  germination  is  delayed, 
and  growth  of  C_.  paradoxa  in  seed  pieces  is  favored. 

Colletotrichum  falcatum  was  isolated  rarely  from  the  ungerminated,  hot-air-treated  seed  pieces.   The 
rare  isolation  of  C_.  falcatum  suggests  that  C_.  falcatum  was  inactivated  by  heat  treatment  of  the  seed 
pieces.   The  inactivation  of  C_.    falcatum  by  hot-air-treatment  of  short  seed  pieces  has  been  reported 
from  India  (9) . 

All  the  commercial  cultivars  of  sugarcane  in  Louisiana  are  screened  for  their  reaction  to  C_.  falcatum. 
The  3  cultivars  ranged  from  moderately  susceptible  to  very  resistant  to  C_.  falcatum  (3,  4,  5).   The 
reaction  of  the  3  cultivars  to  C_.  paradoxa  and  F_.  moniliforme  is  still  unknown.   The  results  of  present 
studies  seem  to  indicate  that  the  3  cultivars  are  susceptible  to  C_.    paradoxa  and  resistant  to  F_. 
moniliforme. 
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A  minor  change  has  been  made  in  the  format  of  Volume  7  of  the  Proceedings.   Alphabetical  lists  of 
,hors  and  titles  of  papers  actually  printed  in  the  Proceedings  have  been  substituted  for  the  programs 
3  meetings  tnat  were  included  in  earlier  volumes.   Separate  lists  have  been  provided  for  papers  dealing 

Jrt  agricultural  and  manufacturing  topics.   Since  manuscripts  of  many  of  the  papers  presented  orally 
WJ  Letinas  of  the  Society  in  1977  were  not  submitted  for  publication  in  the  Proceedings,  these  programs 
JouTd  nofnave  provided  reliable  references  for  papers  included  in  the  Proceedings.   It  was  the  editor  s 
thought  and  hope  that  the  lists  of  authors  and  titles  would  prove  more  useful  to  readers  of  the 
Proceedings. 

A  further  reason  for  the  change  is  the  publication  in  the  Proceedings  of  several  articles  which 
A  further  reason  tor  cne     g       /wouid  not  have  been  listed  in  the  programs.   The  authors 

IndetitlePsr:f  thSelarers  hi:;  STSSSd™  the  lists  and  the  manuscripts  have  been  printed  in 

the  Proceedings  without  identification. 

Due  to  the  unfortunate  absence  from  the  Proceedings  of  numerous  papers  whic h  were  prese nted  at  the 
meetings  and  the  fortunate  inclusion  of  several  papers  which  were  not  presented  at  meetings,  this 
SStion  is  not  in  a  strict  sense  the  proceedings  of  our  meetings  held  in  197    Consequently  the 
ASSCT  nay  wish  to  consider  changing  the  title  from  Proceedings  to  a  more  appropriate  one,  such  as 
Journal  or  Bulletin. 
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PRESIDENT'S  MESSAGE:   LOUISIANA  DIVISION 

F.  N.  Bolton 
Caldwell  Sugars  Co-op,  Inc. 

As  Louis Ianians  reflect  on  the  1976  crop  year,  our  thoughts  and  conversations  concentrate  on 
many  miserable  memories.   Seemingly  by  instinct,  we  recall  the  low  prices  that  prevailed,  the  late 
November  freeze,  the  excessive  rain,  the  "weather"  market,  the  tripling  of  the  duty,  the  International 
Trade  Commission,  and  our  hopes  and  anxieties  that  our  government  will  have  the  foresight  to  implement 
a  workable  long-range  domestic  sugar  program. 

We  are  told  that,  as  one  is  faced  with  death,  one  seems  compelled  to  look  very  closely  at  life. 
Perhaps,  if  we  closely  examine  the  1976  crop  year  and  re-live  some  of  these  miserable  memories,  then] 
hopefully,  this  exercise  will  make  us  more  objective  in  our  recall  and  better  sugar  technologists  in' 
the  future. 

For  the  1976  crop  year,  Louisiana  produced  a  very  respectable   646,000  tons  of  sugar,  in  spite 
of  adverse  weather  conditions  throughout  the  harvest.   An  estimated  50,000  tons  were  lost  due  to 
processing  freeze-damaged  cane,  wet  field  conditions  and  abandoned  acres. 

Early  in  the  growing  season,  reports  indicated  a  good  crop  potential.   Stubble  fields  were 
generally  good  and  only  some  gappy  fields  of  plant  cane  were  noted.   The  crop  was  shorter,  but  this 
was  being  offset  by  better  population  counts.   Some  reports  were  published  indicating  that  growers 
were  very  optimistic,  which  is  generally  bullish  news. 

When  the  crop  prognosticators  began  their  annual  volley  of  figures,  a  most  notable  one  stated 
it  would  be  difficult  to  yield  a  state  average  of  more  than  22  net  tons  per  acre.   This  was  followed 
by  early  harvest  reports  that  cane  per  acre  was  running  two  to  four  tons  better  than  expected.   Some 
areas  of  the  sugar  belt  were  indicating  prospects  of  record-yielding  tonnages. 

The  picture  was  being  painted  for  a  very  high-yielding  crop  until  the  severe  freeze  November  30. 
Freezing  temperatures  for  nine  to  11  hours  hit  the  entire  sugar  belt  with  approximately  100,000  acres 
still  unharvested.   All  the  cane  suffered  severe  internal  tissue  damage,  and  some  isolated  freeze 
cracks  were  sighted.   Within  a  short  time,  it  became  apparent  to  everyone  that  cane  quality  was 
deteriorating.   Only  through  unprecedented  grower  and  processor  cooperation,  and  sheer  determination 
by  both,  were  abandoned  fields  minimized. 

Let  us  examine  the  lessons  here  for  our  memories.   First,  we  remind  the  crop  prognosticators 
of  the  old  Louisiana  legend--"When  the  crop  looks  good,  it  is  better;  when  it  looks  bad,  it  is 
'worser ' . " 

Second,  it  is  obvious  that  the  importance  of  good  harvesting  practices  and  the  influence  it  has 
on  preserving  cane  quality  was  vividly  demonstrated  this  past  year.   Without  minimizing  the  delays  in 
the  cut,  burn,  delivery  and  grinding  processes,  perhaps  few  mills  would  have  continued  to  operate 
beyond  December  15,  two  weeks  after  this  freeze. 

Now,  the  question  is:   why  these  delays?  The  answer  is  that  our  method  of  evaluating  cane 
quality  rewards  and  penalizers  growers  first  on  the  basis  of  trash  content,  then  juice  quality.   Both 
of  these  are  critical  processing  criteria  under  the  important  category  of  recoverable  sugars. 

Today,  only  the  core-sampling  system,  which  uses  recoverable  sugars,  can  relay  to  Louisiana 
growers  an  understandable  message  that  can  be  properly  translated  into  improving  their  harvesting 
techniques.   The  present  sampling  system  cannot  do  this.   Threats  of  mill  closure  are  the  only  method 
under  the  present  system  that  has  been  effective  in  improving  cane  quality  following  freezes. 

Finally,  excessive  rain  and  the  corresponding  wet  field  conditions  have  been  judged  the  primary 
culprit  for  most  abandoned  fields.  With  dry  weather  following  this  past  freeze,  it  is  felt  that  a 
complete  harvest  would  have  been  entirely  possible. 

Now,  let  us  turn  our  memories  to  the  market.   For  the  first  several  months,  prices  moved  side- 
ways in  the  US$0.15  to  $0.16  range.   Stories  about  the  "Russians  are  coming,"  the  long-term 
Philippine  sales,  relieving  storage  of  sugar  in  school  gymnasiums  and  swimming  pools,  and  the  Dominican 
refusal  to  sell  their  large  surplus  at  prices  below  $0.17,  were  market   pacifiers  during  this  time. 

In  early  May,  the  market  was  pushed  to  a  year's  high  of  $0.1725  following  spectacular  interest. 
Then,  the  weather  in  Europe  took  over  as  main  supporter,  until  July.   Dry  weather  in  Western  Europe 
had  caused  some  to  lower  France's  production  by  almost  1.0  million  tons.   One  report  stated  that,  in 
order  to  replenish  losses  to  subsurface  water  levels,  six  months  of  heavy  rain  would  be  required. 
Another  said  that  if  rain  did  not  occur  by  July,  as  much  as  20%  of  the  European  Economic  Community 
crop  could  be  lost. 
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side-lined  or  closely  stopped. 

Soon  the  nutshell  game  on  weather  began  evaporating  as  news  of  rain  in  Europe  began  dampening 

reached  a  low  of  $0,089  in  September. 

At  this  point  we  must  stop  to  evaluate  this  miserable  memory.   First,  always  remember  that 

stability  everyone  hopes  for  and  talks  about  is  near  impossible  in  the  world  sugar  marKet  ar 

Se  worla  markeTis  simply  supply  and  demand,  and,  because  of  the  simplicity  and  apparent  lack  of 

economic  confusion,  it  has  become  difficult  to  comprehend. 

The  world  sugar  market  is  the  residue  of  other  markets  and  predicting  price  limits  on  ei ther 
end  is  purely  science  fiction.   On  the  trip  down  last  year  or  the  roller  =  "»'«  "f^J  j£,_ 
Len  called,  it  became  obvious  that,  regardless  of  the  break-even  poin  ,  the  pre  sure  of  Z"U™ve 
houses,  the'need  for  foreign  exchange  and  the  desire  by  some  to  establish  reliab  e  markets  for  the 
future  finally  prevailed  in  the  decisions  to  dump  sugar  before  prices  went  even  lower. 

What  is  predictable  though,  is  that  the  increasing  sugar  consumption  will  eventually  overtake 
production  11   this  open  market!  because  low  prices  and  high  capital  costs  cannot  encourage  increases 
"in  production   In  Dr  Viton's  opinion  (Sugar  y  Azucar,  March,  1977)  the  longer  the  low  prices   the 
greater  wiU  be  the  price  explosion."  Many  subscribe  to  this  theory,  so  keep  it  in  your  memories. 

Politically  1976  and  the  months  thus  far  into  1977  have  been  confusing  and  frustrating.   Last 
July  the  Ford  administration  advocated  an  open-market  policy  for  sugar  which  seems  to  appeal  to 

(ITC)  findings.   Hopes  for  Executive  action  were  at  flood  stage  in  Louisiana  as  the  President  s 
campaign  sailed  down  the  Mississippi  River  on  a  steamboat. 

The  hope  did  not  linger  long  following  the  vote  in  November.   Given  a  new  administration  and 
new  people  to  do  business  with,  speculation  began  on  the  role  of  the  new  Secretary  of  Agriculture 
Wnen  Bob  Bergland  was  confirmed,  hopes  were  on  the  increase  again,  for  there  was  sugar  man  publically 
committed  to  preserving  the  domestic  sugar  industry. 

Frustration  began  surfacing  again  with  the  delay  of  the  ITC  finding,  brought  about  by  the 
refusal  of  the  high-fructose  corn  producers  to  provide  financial  data.   Their  actions  signal  their 
confederate  policy  in  the  U.  S.  sweetener  industry,  where  they  temporarily  enjoy  an  advantageous 
position  only  because  of  low  corn  prices. 

in  spite  of  the  delay,  the  finding  confirmed  the  evident,  i.e.,  that  the  domestic  ^gar 
industry  was  being  adversely  affected  by  sugar  imports.   Again,  hopes  Increased  ^^J.*^" 
frustration  when  the  new  administration  failed  to  act  pending  the  outcome  of  the  International  Sugar 
Organization  talks  in  Geneva.   Unfortunately,  due  to  publishing  deadlines,  this  paper  cannot  await 
the  results  of  these  talks,  as  interesting  as  they  may  be. 

So  politically,  our  memories  should  remind  us  that  this  course  of  action  will  always  gain 
sympathetic  responses!  but  slow-moving  action.   Logical  solutions  create  complex  problems  in  other 
areas  and,  frequently,  the  catastrophic  must  occur  to  expedite  the  solution. 

Yes   1976  in  the  sugar  belt  of  Louisiana  was  a  "ripoff"  year.   However,  we  literally  weathered 
this  year  wiS  a  minimum  or  casualties  and  economic  scars  that  may  take  several  years  to  heal   How- 
ever, doom  is  not  as  near  as  some  may  predict,  because,  since  sugar  was  first  ^^^^11' 
a  kind  of  romance  developed  that  manifests  itself  in  creative  ways.   This  romance  will  continue  to 
Survive  by  increases  in  yield,  as  well  as  in  mill  capacity  and  efficiency  labor  produ ctxvxty  more 
intense  marketing  and  product  development,  along  with  more  integration  of  the  overall  industry. 


These  are  not  casual  words  to  conclude  remarks, 
already  begun. 


These  are  facts,  because  these  actions  have 
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PRESIDENT'S  MESSAGE:   FLORIDA  DIVISION 

Larry  G.  Fowler 
Sugarcane  Growers  Cooperative  of  Florida 

For  Mainland  sugarcane  growers  and  processors,  the  1976-1977  harvest  season  could  rightfully  be 
termed  the  one  most  adversely  affected  by  weather  in  recent  years.   The  rain  hampered  harvest  in 
Texas  and  the  freezes  in  Florida  and  Louisiana  remind  us  that  production  estimates  can  very  seldom  be 
counted  upon.   The  Florida  sugar  industry  has  just  completed  its  harvest  season,  the  result  of  which 
failed  to  meet  the  expected  production  from  pre-crop  estimates. 

Preliminary  figures  show  that  the  eight  raw  sugar  mills  on  the  southern  shores  of  Lake  Okeechobee 
ground  9,919,000  tons  of  sugarcane,  harvested  from  some  300,000  acres.  A  total  of  927,000  short  tons 
of  96-degree  sugar  were  recovered  from  our  processing  efforts,  with  approximately  69  million  gallons 
of  blackstrap  molasses  produced.   The  pre-crop  estimate,  released  in  mid-November,  1976,  had  indicated 
an  expected  production  of  1,050,000  short  tons  of  raw  sugar,  and  this  estimate  was  raised  to  1,100,000 
tons  in  early  January,  just  prior  to  the  severe  freeze. 

The  reduction  in  sugar  produced  due  to  "Mother  Nature"  and  the  current  price  of  sugar,  which  has 
been  well  below  average  production  costs  since  August,  1976,  have  not  made  the  1976-1977  crop  season 
one  of  the  brighter  times  in  Florida  sugar  history.  With  the  disappointments  of  the  1976-1977  crop 
behind  us,  what  does  the  future  hold  for  the  Florida  sugarcane  industry,  and  what  must  be  done,  since 
we  now  have  to  operate  under  a  new  set  of  conditions? 

It  is  premature,  at  this  point  in  time,  to  estimate  the  damage  caused  by  the  January  freeze  on 
young  planted  cane  for  next  season's  harvest.   It  is  fairly  conclusive  that  some  losses  will  be 
incurred,  since  most  of  the  young  plant  cane  was  frozen  back  to  the  ground,  which  caused  substantial 
losses  in  growth.   Should  optimum  growing  conditions  prevail  until  next  harvest  season,  some  of  this 
lost  growth  could  be  regained;  however,  some  losses  in  sugar  production  for  the  1977-1978  harvest 
season  are  evident. 

The  recent  low  sugar  prices  indicate  the  stabilizing  effect  the  Sugar  Act  had  on  the  domestic 
sugar  industry.  Without  the  Sugar  Act  or  any  type  of  sugar  legislation  in  existence,  the  long-term 
effect  on  domestic  sugar  production  is  extremely  difficult  to  assess. 

With  the  uncertainty  over  the  future  price  of  sugar  and  no  legislation  in  existence  for  a 
stabilizing  effect,  marketing  and  expansion  conditions  are  very  unstable.  As  everyone  understands, 
producing  cane  sugar  is  a  very  difficult  and  expensive  endeavor  prorated  over  a  long  period  of  time. 
This  fact  has  a  large  bearing  on  future  sugar  production,  and  the  non-existence  of  a  price-stabilizing 
factor  puts  immediate  future  expansion  in  a  very  vulnerable  and  speculative  position. 

There  seems  to  be  only  one  defense  which  established  sugarcane  processors  and  growers  have 
against  low  sugar  prices  and  that  defense  is  to  strive  to  attain  the  most  efficient  operation 
possible  by  reducing  production  costs  and  increasing  productivity  in  all  phases  and  aspects  of  their 
operations.   Efficiency  in  every  facet  of  our  industry  has  suddenly  become  a  necessity,  rather  than 
a  desired  accomplishment. 

We  are  very  proud  of  the  accomplishments  achieved  by  the  Florida  sugar  industry  since  its 
inception  and  the  progress  made  in  recent  years.   Because  of  the  unique  soil  conditions,  the  princi- 
pals of  the  industry  over  the  years  have  developed  their  own  methods  of  planting,  cultivation, 
harvesting  and  cane  transporting.   The  grinding  rates  of  Florida  mills  are  higher  than  those  in  most 
sugar-producing  areas  of  the  world,  and  these  high  rates,  coupled  with  total  sugar  recovery,  provide 
maximum  returns  to  the  industry. 

Even  though  the  Florida  sugar  industry  appears  to  possess  one  of  the  most  efficient  cane  sugar 
operations  in  the  world,  there  is  much  that  can  and  must  be  done  in  order  to  increase  productivity 
and  reduce  each  unit  operating  cost. 

From  an  agricultural  standpoint,  we  must  continue  to  search  for  new  cane  varieties  which  give 
maximum  returns  for  our  efforts,  in  terms  of  sugar  per  ton  of  cane  and  increased  field  yields. 

The  sugarcane  variety  development  program  in  Florida,  which  is  a  three-part  effort  between  the 
Florida  Sugar  Cane  League,  the  U.S.D.A.  Agricultural  Research  Service,  and  the  University  of  Florida 
Agricultural  Research  and  Education  Center,  provides  for  the  breeding,  selection,  testing  and  distri- 
bution of  new  sugarcane  varieties.   The  performance  of  future  sugarcane  varieties  developed  through 
this  program  will  not  only  be  a  factor  in  future  sugar  production  in  Florida,  but  also  will  play  a 
great  part  in  the  successful  development  of  mechanical  harvesters  for  Florida's  unique  conditions. 

Cane  varieties  with  physical  characteristics  applicable  to  mechanical  harvesting  will  become 
a  necessity  in  order  to  minimize  losses  in  the  field  and  in  the  mills  as  the  Florida  sugar  industry 
turns  toward  total  mechanization. 
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During  the  past  harvest  season,  about  28%  of  the  total  crop  was  harvested  by  mechanical  means, 
with  percentages  varying  at  the  different  mills.  Machines  of  all  types  and  manufacture  were  operated 
with  varying  degrees  of  success.   However,  immaturity  of  the  cane  during  the  early  part  of  the  harvest 
season  along  with  the  freeze  conditions  which  prevailed  in  January,  coupled  with  the  inability  ot 
the  machines  to  selectively  top  the  cane  under  recumbent  conditions,  had  a  detrimental  effect  on  total 
sugar  recovery. 

The  turn  toward  mechanical  harvesting  is  not  a  means  of  increasing  productivity  or  improving 
sugar  recovery,  but  it  is  a  defensive  reaction  to  combat  the  rising  costs  of  labor.   From  an  overall 
viewpoint,  mechanical  harvesting  in  Florida  will  require  a  great  deal  more  research ^before  an  accept- 
able machine  can  be  developed  for  our  unique  conditions.   As  mechanical  harvesting  becomes  a  reality 
in  our  industry,  more  attention  must  be  focused  upon  the  planting  and  cultivation  of  our  crop.  This 
is  one  area  within  which  immediate  production  increases  can  be  realized  as  mechanization  dictates 
more  precision  in  these  operations. 

increased  efficiency  in  the  control  of  insects,  weeds,  rodents  and  water  are  other  agricultural 
activities  which  can  immediately  improve  our  field  yields  and  productivity   We  must  exert  every 
effort  to  increase  our  efficiency  in  harvest  planning,  scheduling  and  cane  handling  in  order  to 
reduce  the  time  lapse  between  harvesting  and  grinding  and,  thus,  keep  sucrose  deterioration  to  an 
absolute  minimum. 

From  the  processing  standpoint,  we  must  analyze  our  mill  operations  for  efficient  energy  use  and 
balances!  along'with  reducing  total  losses  throughout  the  mill.  With  energy  use  being  paramount  in 
the  minds  of  all  Americans  at  this  point  in  time,  it  will  be  necessary  to  expend  every  effort  to  be 
most  resourceful  in  this  area  of  our  operations. 

As  in  our  agricultural  practices,  we  must  keep  in  mind  that  mechanical  harvesting  will  dictate 
changes  in  mill  equipment,  operations  and  practices,  due  to  the  introduction  of  increased  quantities 
and  types  of  extraneous  materials  into  our  processes.  We  must  anticipate  and  be  prepared  for  these 
changes,  since  they  will  become  more  evident  with  increases  in  mechanically  harvested  cane. 

We  must  also  be  prepared  to  expend  the  valuable  time  of  managerial  and  technical  personnel, 
along  with  capital  funds,  to  incorporate  changes  in  operational  practices  and  equipment  in  complying 
with  federal,  state  and  local  laws  and  regulations  pertaining  to  the  environment. 

In  order  to  successfully  increase  efficiency  in  all  areas  of  our  industry  and  remain  in  a 
viable  position,  it  will  be  necessary  to  gain  increased  assistance  from  our  supporting  industries. 
With  the  changes  facing  the  industry  in  the  near  future,  it  will  be  pertinent  to  call  "P™  these 
supporting  industries  for  their  innovations  and  inventiveness  to  improve  and  make  more  efficient 
our  agricultural  and  milling  equipment,  as  well  as  practices  and  processes. 

From  an  industry  standpoint,  we  must  continue  to  promote  and  seek  new  uses  for  our  product. 
There  are  presently  many  uses  for  sugar  and  its  by-products,  and  we  are  continually  finding  addi- 
tional uses  through  intensive  research.   In  these  times  of  energy  concern,  sugarcane  may  well  play 
a  vital  part  in  solving  problems  concerned  with  energy  conservation  as  a  potential  fuel  source, 
while  continuing  to  supply  food,  chemicals,  feed,  paper  and  building  products. 

As  an  industry,  we  must  continue  and  intensify  our  programs  to  educate  the  general  public  and 
our  consumer-oriented  government  about  the  importance  of  the  role  of  domestic  sugar  *f"f g  ^J8 
in  the  lives  of  the  American  consumer.   Since  there  are  no  guarantees  of  a  stable  flow  of  foreign  sugar 
into  the  American  market,  the  importance  of  a  viable  domestic  sugar  industry  cannot  be  overly  stressed. 

Our  industry's  greatest  asset  is  its  people.   Nowhere  else  can  be  found  a  group  of  more  dedi- 
cated, informed,  educated  and  productive  individuals  than  in  the  donestic  cane  sugar  industry.   Thanks 
to  our  scientific  efforts  over  the  years,  we  have  amassed  a  great  supply  of  information  and  tech- 
nology, the  utilization  of  which  presently  provides  our  growers  with  the  ability  to  produce  maximum 
sugar  per  acre  and  our  processors  to  recover  maximum  sugar  per  ton  of  cane. 

Even  though  the  high  degree  of  productivity  per  man-hour  we  achieve  is  among  the  highest  of 
any  cane-growing  area  in  the  world,  we  must  keep  in  mind  that  to  become  complacent  under  our  ever- 
changing  industry  conditions  could  be  disastrous.   The  preservation  of  our  industry  will  depend  on 
creativity,  innovation  and  the  ability  to  accept  change.  We  must  continually  make  improvements  and 
changes  which  will  increase  productivity  and  lower  our  unit  operating  costs.   In  the  domestic 
sugar  industry,  increased  efficiency  in  all  areas  will  be  the  key  to  success. 
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PREDICTING  TONS  OF  SUGARCANE  PER  ACRE  USING  SOLAR  RADIATION, 
TEMPERATURE  AND  PERCENT  PLANT  CANE,  1971  THROUGH  1976 

R.  J.  Allen,  Jr.,  G.  Kidder,  and  G.  J.  Gascho 

Agricultural  Research  and  Education  Center 

Belle  Glade,  Florida 


ABSTRACT 


Radiation  data  expressed  as  average  daily  Langleys  for  the  grand  growth  period,  combined  with  annual 
growing  season  temperature  expressed  as  degree  days,  can  be  used  to  derive  relatively  accurate  equations 
for  predicting  tons  cane  per  acre  (TCA)  for  the  Florida  sugarcane  industry.   In  addition  to  industry-wide 
prediction  equations,  individual  equations  have  been  derived  for  four  mills.   Adjustment  of  Langleys  improved 
the  equations  but,  except  for  one  mill,  adjustment  of  degree  days  did  not.   Adding  percent  of  acreage  in 
plant  cane  (PC)  improved  the  equations  for  industry  and  for  two  of  the  mills  where  PC  has  relatively  wide 
year  to  year  variation.   Industry  TCA  change  factors  were  calculated  to  assist  producers  in  comparing  their 
estimates  to  predicted  industry  TCA. 

INTRODUCTION 

Earlier  work  (1,  2)  showed  considerable  variation  in  solar  radiation  from  year  to  year  and  a  high 
positive  correlation  between  incoming  solar  energy  and  tons  of  cane  per  acre  (TCA) .   The  reports  also 
showed  that  solar  radiation  could  be  an  important  tool  for  making  more  accurate  preharvest  estimates  of  TCA. 

Based  on  9  years  of  data  (1),  it  was  calculated  that  a  change  of  one  Langley  unit  per  day  (LY)  for 
the  sugarcane  grand  growth  period  of  April  through  October  changed  average  TCA  0.16  for  the  Florida  cane 
industry.   When  applied  to  Belle  Glade  1971-75  radiation  data,  this  factor  was  not  reliable  for  individual 
years.   The  objectives  of  this  study  were  to  determine  if  an  accurate  method  could  be  developed  for  pre- 
dicting tonnage  yields  of  sugarcane  for  the  Florida  industry  and  to  determine  and  test  prediction  equations 
for  specified  portions  of  the  industry. 

Of  the  many  variables  which  could  be  interacting  with  radiation,  temperature  and  percent  of  acreage 
in  plant  cane  (PC)  were  considered  to  be  of  major  importance  and  were  chosen  for  further  study.   The 
influence  of  crop  management  was  considered  to  be  minimal  due  to  the  generally  consistent  level  of  technology 
practiced  in  the  Florida  sugarcane  industry.   Frost  and  storm  damage  were  not  studied  since,  with  the 
possible  exception  of  the  1971  crop  following  the  January  1971  freeze,  neither  has  significantly  affected 
area-wide  tonnage.   Water  stress  is  also  of  minor  importance  in  the  Glades  area  due  to  generally  good 
water  control,  which  assures  drainage  if  necessary  and  adequate  moisture  from  sub-irrigation  if  rainfall 
is  insufficient  during  the  growing  season. 


Since  plant  cane  produces  higher  tonnage  than  ratoon  cane,  the  PC  variable  has  an  effect  on  average 
but  it  is  not  possible  at  this  time  to  assign  a  definite  value  to  this  difference  other  than  percent  of 
total  acreage.   Further  study  of  the  PC  variable  is  necessary. 


TCA, 


Year-to-year  variation  in  monthly  averages  of  daily  mean  temperatures  is  greatest  from  December  through 
February,  and  least  from  June  through  September  (Table  1).   Variations  in  March  and  April  are  intermediate 
but  this  could  be  quite  important,  since  a  higher  or  lower  average  during  these  months  would  mean  an  early 
or  late  spring  and  a  longer  or  shorter  growing  season.   October  and  November  variation  is  also  intermediate, 
but  could  also  be  important  in  prolonging  or  shortening  the  growing  season,  May  through  August. 


Table  1. 


Month 


Monthly  degree  days  of  mean  temperature  above  60  F  at  Belle  Glade  AREC  with  no  subtraction  for 
daily  means  below  60  F. 


1971 


Year 


1972 


1973 


1974 


1975 


Ave. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


191 
209 
220 
306 
484 
543 
617 
626 
564 
521 
312 
333 


-  -  -  -  -Total  degree  days 

294  225 

185  80 

270  320 

375  324 

496  513 

582  584 

624  636 

647  631 

592  615 

502  474 

341  370 

268  174 


330 

148 
248 
327 
529 
561 
608 
623 
622 
409 
276 
180 


296 
289 
305 
399 
561 
591 
625 
644 
603 
518 
288 
168 


251 
182 
273 
346 
517 
572 
622 
634 
599 
485 
317 
225 
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MATERIALS  AND  METHODS 


Radiation  and  temperature  measured  at  the  Belle  Glade  AREC  were  used  for  this  report  Data  for 
1971  though  1975  were 'reported  previously  (2);  data  for  1976  and  1977  are  shown  in  Table  2.  Degree 
iays  above  60  F  presented  in  Tables  1  and  2  were  calculated  with  no  subtracts  for  daily  means  below  60  F. 

Table  2.   Belle  Glade  AREC  radiation  and  temperature  data. _ 

Radiation     


Month 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 


1/ 


1976 


1977 


Ave.  Langleys/day  - 


307 
337 
445 
525 
458 
458 
482 
460 
412 
360 
271 
235 


286 

322 

441 

516 

514 

503 

459 

442 

39717 

3651' 


Temperature 


1976 


1977 


_  _  -  - 

Degree  days  - 



116 

76 

163 

110 

343 

366 

333 

358 

501 

462 

528 

627 

633 

653 

636 

664 

590 

614L/ 
478^-' 

431 

276 

172 

6-year  averages  for  October. 


Four  parameters  were  calculated  from  t,he  radiation  and  temperature  data  and  al 1  logical  combinations 
of  these  were  correlated  using  a  maximum  R2  improvement  multiple  regression  procedure.   The  four  calcu 
lated  parameters  are  described  below  and  the  values  obtained  are  presented  in  Table  3. 


Table  3. 


Data  used  for  derivation  of  prediction  equations  (1971-75)  and  for  making  industry-wide 
estimates  of  TCA. . 


Ave.  daily 
radiation 


Annual  effective 
temperature 


Year 


LY 


ALY 


DD 


ADD 


PC 


TCA 


1971 

477 

1972 

471 

1973 

441 

1974 

418 

1975 

449 

1976b/ 
1977— 

450 

456 

322 
325 
298 
284 
306 
307 
309 


41  OS2' 

5214 

5009 

5048 

5287 

4730 

4226 


3980 
4617 
4404 
4412 
4782 
4302 
4038 


34 
33 
23 
23 
34 
30 
26 


31 

7 

38 

1 

31 

5 

29 

0 

35 

3 

31 

4 

i  Due  to  severe  freezes  in  late  January  1971,  DD  were  accumulated  only  from  February  through  October   971, 
<ue  to  the  freezes  in  January  and  February  1977,  the  1977  DD  were  accumulated  only   rom  the  f irst  of 
March   The  ADD  were  accumulated  only  from  mid-March  because  of  the  exceptionally  slow  recovery  of  the 
cane  during  the  colder  than  normal  month  of  February.   October  values  of  all  parameters  were  estimated 
as  the  1971-76  averages  for  this  month. 


Average  Langleys 
October  for  each  year 


1/ 


per  day  (LY)  were  calculated  for  the  Grand  Growth  Period  (GGP)  of  April  through 
The  values  used  for  October  1977  were  the  average  of  the  previous  six  years. 


Adiusted  Langleys  per  day  (ALY)  were  calculated  for  each  year,  by  arbitrarily  considering  only  a 
portico   the  radiation  of  the  different  months  of  the  GGP.   The  purpose  was  to  give  more  -portance  to 
the  radiation  received  in  the  latter  part  of  the  growing  season  than  to  that  received  early  in  the 
season   The  adjusted  Langleys  per  day  were  the  average  of  40%  of  April,  50%  of  May,  60%  of  June,  70^  of 
July,  80%  of  August,  90%  of  September,  and  100%  of  October  average  daily  Langleys. 

Deeree  days  (DD)  is  a  means  of  expressing  effective  temperature  accumulated  over  a  period  of  time. 
To  calculate  the  degree  days  for  a  particular  day  the  average  of  the  maximum  and  minimum  temperature 
of  the  day  is  determined.   In  this  study  DD  above  60  F  were  summed  from  November  of  one  year  through 
October  of  the  following  year,  i.e.  planting  through  GGP.   Daily  means  of  60  F  or  below  were  considered 
as  zero  degree  days. 


The  Langley  is  the  standard  unit  of  solar  energy  and  equals  one  gram  calorie  per  square  centimeter 
of  surface. 


Adjusted  degree  days  (ADD)  were  calculated  to  account  in  part  for  the  different  periods  of  time  to 
which  plant  and  ratoon  canes  are  exposed  and  take  advantage  of  the  warm  temperature  in  the  November  to 
March  period.   The  following  formula  was  used  to  calculate  ADD  for  each  of  the  years  studied: 

ADD  =  G  +  P(a+b+c+d+e)  =  0.125  R(b+c+d+e)  +  0.25  R(c+d+e)  +  0.25  R(d+e)  +  0.25  R(e) 
where  G  =  degree  days  for  Grand  Growth  Period, 

P  =  percent  plant  cane, 

R  =  percent  ratoon  cane 

a,  b,  c,  d,  and  e  =  degree  days  for  November,  December,  January,  February,  and  March 
respectively. 


The  percent  of  the  acreage  in  plant  cane  was  obtained  from  variety  census  reports  (c.f. 
industry  TCA  from  the  Florida  Sugar  Cane  League,  Inc.  (Table  3). 


3)  and 


RESULTS  AND  DISCUSSION 

2 
The  results  obtained  from  the  maximum  R  regression  procedure  are  listed  in  Table  4.  One-variable 
correlations  were  not  significant  and  were  not  listed.  Very  good  correlation  was  found  between  TCA  and 
the  weather  parameters,  radiation  and  temperature.  Coefficients  of  multiple  determination  (R  )  as  high 
as  0.99  were  obtained.  Most  of  the  regression  equations  were  significant  at  the  0.05  level.  Inclusion 
of  percent  plant  cane  generally  improved  the  correlation  from  equations  only  considering  the  climatic 
variables. 


Table  4. 

Regression 

results  of  the 

eight  estimated 

equations  for 

industry-wide 

TCA. 

Equation 

No. 

Constant 

LY 

ALY 

DD 

ADD 

PC 

R2 

1 

-69.38 

0.155 
(0.0106) 

0.00664 
(0.000530) 

0.992** 

2 

-62.43 

0.136 
(0.0158) 

0.00643 
(0.00046) 

0.0811 
(0.0583) 

0.997 

3 

-56.59 

0.204 
(0.0120) 

0.00552 
(0.000429) 

0.994** 

4 

-51.16 

0.  179 
(0.00953) 

0.00543 
(0.00019) 

0.0813 
(0.0267) 

0.999** 

5 

-65.62 

0.125 
(0.0187) 

0.00949 
(0.00148) 

0.971* 

6 

-78.11 

0.154 
(0.0442) 

0.0103 
(0.00200) 

0.126 
(0.173) 

0.981 

7 

-56.73 

0.173 
(0.0148) 

0.00826 
(0.000836) 

0.990** 

8 

-65.42 

0.206 
(0.0156) 

0.00869 
(0.00048) 

0.109 
(0.0451) 

0.998* 

*  Significant  at  0.05  level. 
**Significant  at  0.01  level. 

The  predicted  TCA  and  the  actual  TCA  reported  each  year  are  shown  in  Table  5.   Also  shown  are  the 
average  deviations  of  the  actual  TCA  from  that  estimated,  both  by  the  eight  formulas  in  each  year  and 
by  each  formula  for  the  five  years. 

2 
Examination  of  R  values  in  Table  4  and  of  average  deviations  in  Table  5  indicates  that  the  best 
equations  for  predicting  industry-wide  TCA  is  the  one  using  ALY,  DD,  and  PC.   This  is  followed  very 
closely  by  ALY-ADD-PC  and  LY-DD-PC. 

In  addition,  TCA  and  PC  data  provided  by  four  area  mills  were  analyzed  and  predicted  equations 
derived.   ADD  values  were  calculated  for  each  mill  according  to  individual  PC  figures.   Eight  equations 
for  each  mill,  similar  to  those  for  industry,  were  obtained.   Predicted  TCA  was  compared  with  actual  TCA 
for  the  five  years  1971-75  and  the  deviations  are  presented  in  Table  6.   Adding  the  PPC  variable  to 
the  equations  improved  the  estimates  for  the  industry  and  for  mills  C  and  D  but  gave  relatively  little 
improvement  for  mills  A  and  B.   For  mill  A  the  only  significant  R  value  was  for  the  equations  using 
ALY  and  ADD,  but  the  smallest  average  deviation  and  the  smallest  range  are  for  LY-DD-PC.   For  mill  B 
there  was  little  practical  difference  between  the  first  four  equations  although  ALY-DD  had  slightly  less 
range.   Mill  C  was  the  only  one  for  which  ADD  gave  better  estimates  than  DD,  with  the  LY-ADD  formula 
being  the  only  one  for  individual  mills  which  had  high  statistical  significance  (1%  level).   However, 
the  slightly  less  significant  (5%  level)  LY-ADD-PC  equation  gives  a  much  lower  average  deviation  and 
much  less  range.   The  best  mill  D  formulas  are  the  same  as  for  industry,  ALY-DD-PC  followed  by  ALY-ADD- 
PC  and  LY-DD-PC. 


20 


Table  5.   Actual  TCA  and  TCA  estimated  by  eight  prediction  equations  for  five  years,  and  average 


Parameters 

included 

LY 

LY 

ALY 

ALY 

LY 

LY 

ALY 

ALY 

1/ 

Actual 

DD 

DD 

DD 

DD 

ADD 

ADD 

ADD 

ADD 

Ave.— 

Year 

yield 

PC 

PC 

PC 

PC 

dev. 

3ns  cane  per 
31.68 

1971 

31.7 

31.62 

31.70 

31.66 

32.00 

31.76 

31.94 

31.73 

0.10 

1972 

38.1 

38.03 

39.92 

38.36 

38.14 

37.30 

37.52 

37.73 

37.99 

0.30 

1973 

31.5 

32.03 

31.70 

31.73 

31.38 

31.51 

31.98 

31.29 

31.67 

0.24 

1974 

29.0 

28.74 

28.82 

29.09 

29.08 

28.70 

28.52 

28.92 

28.86 

0.20 

1975 

3273 

Dev.- 

35.10 

35.48 

34.89 

35.21 

36.10 

35.83 

35.79 

35.41 

0.35 

Ave. 

0.23 

0.15 

0.21 

0.07 

0.44 

0.41 

0.28 

0.11 

-^Average  deviation  of  eight  formulas  for  each  year. 
—Average  deviation  of  each  formula  for  five  years. 


Table  6.   Average  and  range  of  TCA  deviations  between  estimated  and  actual  TCA  (1971-1975)  for 
Industry  and  four  individual  mills. . 


the  Florida 


Variables 


LY-DD 


LY-DD-PC 


ALY-DD 


ALY-DD-PC 


LY-ADD 


LY-ADD-PC 


ALY-ADD 


ALY-ADD-PC 


Industry 


0.23 
0.07-0.53 

0.15 
0.00-0.20 

0.21 
0.04-0.41 

0.07 
0.02-0.12 

0.44 
0.01-0.80 

0.41 
0.06-0.57 

0.28 
0.08-0.49 

0.11 
0.03-0.17 


Mill  A 


Mill  B 


0.90 

0. 18-1.94 

0.71 
0.18-1.34 

0.77 
0.04-1.58 

0.78 
0.14-1.47 

1.30 
0.34-2.36 

1.25 
0.21-2.02 

1.11 

0.08-1.93 

1.10 
0.04-1.91 


1.36 
0.11-2.87 

1.36 
0.11-2.72 

1.34 
0.30-2.52 

1.33 
0.22-2.65 

1.85 
0.32-3.03 

1.83 
0.21-3.08 

1.76 
0.52-2.79 

1.64 
0.03-2.87 


Mill  C 


1.33 
0.49-2.89 

0.32 
0.05-0.58 

1.49 
0.52-3.27 

0.52 
0.05-1.02 

0.44 
0.12-0.77 

0.15 
0.00-0.28 

0.75 
0.02-1.32 

0.39 
0.02-0.79 


Mill  D 


0.75 
0.10-1.67 

0.50 
0.03-0.87 

0.64 
0.24-1.38 

0.13 
0.01-0.27 

1.24 
0.51-2.16 

0.76 
0.09-1.14 

1.10 
0.46-1.81 

0.28 
0.01-0.50 


The  predictive  value  of  the  equations  was  tested  for  the  1976  crop  prior  to  its  harvest.   Use  of 
the  three  equations  which  had  produced  the  smallest  deviations  from  predicted  values  in  the  1971-75  period 
(Table  5)  resulted  in  predicted  TCA  values  of  32.0,  31.9,  and  31.7  TCA  for  1976.   The  average  of  all  eight 
equations  was  31.8  TCA  with  a  range  of  31.4  to  32.0.   The  1976  industry-wide  TCA  was  31.4,  very  close  to 
the  predicted  values.   It  is  probable  that  the  killing  freezes  of  late  January  1977  resulted  in  more 
severe  topping  of  cane  at  harvest  and  lower  tonnages  delivered  to  the  mills. 

The  prediction  for  1977  industry-wide  TCA  as  of  October  1,  1977  was  29.3  by  the  best  prediction 
equations  ALY-DD-PC.   The  average  of  the  four  equations  using  DD  was  29.2.   For  the  four  equations  using 
ADD  the  average  estimate  was  30.1  TCA.   The  difference  of  0.92  tons  is  due  to  the  fact  that  the  average 
difference  between  DD  and  ADD  data  for  the  five  years  used  to  develop  the  prediction  equation  was  494, 
while  the  difference  in  1977  is  only  188.   There  is  some  question  as  to  whether  equations  using  ADD  based 
on  non-freeze  years  are  valid  for  a  freeze  year  estimate. 

While  it  is  of  considerable  value  to  the  industry  and  other  entities  to  have  an  accurate  estimate 
of  cane  tonnage  to  be  harvested,  it  is  of  particular  interest  to  a  sugarcane  grower  to  have  an  accurate 
estimate  of  his  own  production.   Obviously,  the  more  closely  a  grower's  TCA  resembles  the  TCA  figures 
used  in  developing  a  predictive  equation,  the  more  likely  he  is  of  getting  a  reliable  prediction. 
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Examples  of  this  can  be  seen  in  Table  7  where  separate  equations  were  developed  for  each  of  four  mills. 
Calculation  of  predictive  equations  for  individual  farms  is  possible  when  accurate  production  records 
are  available. 

Table  7.   Industry  estimates,  actual  tonnage  and  change  factors. 


Estimated—  Industry  TCA 

II 
Current                      industry                      for  previous                     "Change- 
year TCA year factor" 

1972  38.14  31.7  1.203 

1973  31.38  38.1  0.824 

1974  29.08  31.5  0.923 

1975  35.21  29.0  1.214 
19763/  32.04  35.3  0.908 
1977-  29.3  31.4  0.933 

--.Estimates  are  from  industry  prediction  equation  using  ALY-DD-PC. 

-^.Calculated  by  dividing  estimated  industry  TCA  by  the  industry  TCA  for  previous  year. 

-As  of  October  1,  1977. 

It  should  be  rembered  that  the  work  reported  here  is  based  on  only  five  years  of  data  and  despite 
the  very  good  predictions  which  have  resulted  from  use  of  the  equations  some  caution  should  be  exercised 
in  using  predicted  values. 

Everglades  sugarcane  growers  for  whom  individualized  prediction  equations  have  not  been  determined 
may  use  the  "change  factors"  presented  in  Table  7  to  predict  TCA  production  for  their  farms.   The  "change 
factors"  were  determined  by  dividing  one  year's  industry  TCA  estimate  by  the  previous  year's  actual  TCA. 

To  make  a  1977  prediction  from  this  information,  a  sugarcane  grower  having  35.0  TCA  average  in  1976 
would  multiply  35.0  by  0.933  to  get  a  1977  prediction  of  32.7  TCA.   The  grower  would  have  to  consider 
his  PC  relative  to  the  1977  industry-wide  value  of  25.6%  for  the  1977  crop,  and  how  close  his  TCA  has 
compared  to  the  industry-wide  trend  over  the  past  years. 

REFERENCES 

1.  Allen,  R.  J.,  Jr.   1974.   Solar  radiation  and  sugarcane  yields.   U.  of  Fla. ,  Belle  Glade  AREC  Res. 

Rpt.  EV-1974-20.   6  pp. 

2.  Allen,  R.  J.,  Jr.   1977.   A  five-year  comparison  of  solar  radiation  and  sugarcane  production  in 

the  Everglades  Agricultural  Area.   Soil  &  Crop  Sci.  Soc.  Fla.  Proc.  36:   197-200. 

3.  Rice,  E.  R. ,  and  G.  Kidder.   1975.   The  1975  sugarcane  variety  census  for  Florida.   U.  of  Fla. 

Belle  Glade  AREC  Res.  Rpt.  EV-1975-17.   6  pp. 


22 


DE-FUZZING  SUGARCANE  SEED  WITH  A  SMALL  SEED  SCARIFIER 

R.  D.  Breaux 

U.  S.  Sugar  Cane  Field  Laboratory 

Agricultural  Research  Service,  USDA 

Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

The  whorl  of  long  bristles  that  surrounds  each  sugarcane  spikelet  gives  the  sugarcane  inflorescence 
a  silky  appearance  and  true  seed  of  sugarcane  a  "fuzzy"  character.   When  the  seed  viability  is  less 
than  50  per  gram,  a  thick  mat  of  fuzz  must  be  sown  to  obtain  an  adequate  plant  population  per  flat  in 
the  greenhouse.   Seedlings  have  great  difficulty  germinating  in  and  growing  through  the  thick  fuzz  mat, 
the  control  of  fungi  and  bacterium  is  difficult,  and  many  seedlings  die  when  the  mat  dries  between 
waterings.   A  small  seed  scarifier  used  at  Houma  removed  these  callus  hairs  from  the  sugarcane  spikelets 
quicker  and  easier  than  any  previously  reported  method.   The  defuzzed  seed  of  six  sugarcane  crosses 
low  in  viability  produced  40%  more  seedlings  than  untreated  fuzz  sown  in  thick  mats. 


L0nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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INFLUENCE  OF  PLANTING  DATE  ON  YIELD  AND 
QUALITY  OF  SUGARCANE  FOR  SIRUP^7 

Dempsey  M.  Broadhead 

USDA,  ARS 

Sugar  Crops  Field  Station 

Meridian,  Mississippi 


ABSTRACT 


Experiments  were  conducted  at  Meridian,  Mississippi  from  1969-1975  to  determine  the  optimum  date 
for  planting  sugarcane  for  sirup  production.   Stalks  of  CP  36-111,  CP  52-48,  and  CP  67-500  were 
planted  on  September  1,  October  1,  and  November  1  to  determine  the  effect  of  planting  date  on  stalk 
yield  and  juice  quality.   Stalk  yield  in  four  plant  cane  crops  was  significantly  higher  from  the 
September  1  and  October  1  plantings  than  from  the  November  1  planting.   Yield  of  stalks  was  similar  from 
cane  planted  September  1  and  October  1.   Variety  x  dates  of  planting  interaction  was  not  significant 
for  stalk  yield.   Stalk  yield  from  first  and  second  stubble  crops  was  not  affected  by  planting  date. 
Brix  was  not  influenced  by  planting  date  in  plant  cane  or  stubble  crops. 

INTRODUCTION 

In  Mississippi,  sugarcane  for  sirup  is  usually  planted  in  late  October  or  early  November.   Conse- 
quently, the  buds  rarely  grow  and  emerge  before  the  following  spring  (March  or  April). 

Stokes  (1)  showed  that  yield  of  cane  from  fall  planting  (October  15  or  November  15)  was  equal  to 
or  higher  than  that  from  spring  planting  (March  or  April).   Two  varieties,  Co  290  and  CP  29-116, 
differed  in  their  response  to  date  of  planting.   Co  290,  planted  October  15,  produced  higher  yield  of 
cane  than  when  planted  November  15.   Yield  of  cane  from  CP  29-116  was  similar  from  October  15  and 
November  15  plantings. 

The  experiments  reported  here  were  conducted  to  determine  the  optimum  date  for  planting  CP  36-111, 
CP  52-48,  and  CP  67-500  sugarcane  varieties  for  sirup  production. 

MATERIALS  AND  METHODS 

Sugarcane  was  planted  at  Meridian,  Miss,  in  1968-72  on  Ruston,  fine  sandy  loam.   The  1969  and 
1970  experiments  were  destroyed  by  the  effects  of  low  temperature  in  January  1970.   Plant  cane  only  was 
harvested  from  the  1969  experiment  and  no  harvest  was  made  from  the  1970  experiment.   Three  crops — 
plant  cane,  first  stubble,  and  second  stubble — were  harvested  from  the  experiments  planted  in  1970,  1971, 
and  1972. 

The  nine  treatments  resulted  from  combinations  of  three  planting  dates  (September  1,  October  1, 
and  November  1)  and  three  varieties  (CP  36-111,  CP  52-48,  and  CP  67-500).   The  design  was  a  split  plot 
with  four  replications.   Main  treatments  (planting  dates)  were  planted  in  three-row,  0.015  acre  plots 
that  were  randomized  in  a  complete  block  design.   Subplots  (varieties)  were  three-row,  0.005  acre  areas. 
Approximately  two  lines  of  stalks  (240  buds)  were  planted  in  each  subplot.   Plant  counts  were  made  after 
killing  frost  occurred  in  the  fall  and  again  in  May  or  June  in  the  spring. 

At  harvest,  randomly-selected,  10-stalk  samples  were  crushed  in  a  three-roller  mill  to  obtain  juice 
for  measuring  brix  (soluble  solids)  with  a  hydrometer. 

RESULTS  AND  DISCUSSION 

Fall  emergence  of  sugarcane  plants  decreased  with  delay  of  planting  date.   Buds  planted  September  1 
and  October  1  had  35.7%  and  7.5%  fall  emergence,  respectively;  those  planted  November  1  did  not  emerge 
in  the  fall  (Table  1).   Buds  that  grew  and  emerged  in  the  fall  and  those  that  did  not  emerge  until  spring 
were  affected  similarly  by  winter  temperature. 

Yield  of  plant  cane  was  significantly  higher  from  plantings  made  September  1  and  October  1  than 
from  those  made  November  1  (Table  2).   Plant  cane  yield  was  similar  from  sugarcane  planted  September  1 
and  October  1.   The  variety  x  date  of  planting  interaction  was  not  significant  for  stalk  yield. 


—  Cooperative  investigations  of  the  ARS-USDA  and  Mississippi  Agricultural  &  Forestry  Experiment 
Station,  Mississippi  State,  MS   39762. 
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Table  1.   influence  of  date  of  planting  on  plant  population  of  plant  cane,  1969  and  1971-73. 
Date  planted 


Number  of  plants  per  acre 
Fall  Spring 


September  1 
October  1 
November  1 


17,158 

3,587 

0 


60,858 
50,691 
42,287 


Table  2.   Influence  of  date  of  planting  on  stalk  yield,  1969  and  1971-75. 

Crop 


Date  planted 


Plant  cane 


1st  Stubble 
-Tons /A-  -  - 


September  1 
October  1 
November  1 


42.6  a* 
42.1  a 
40.1  b 


40.1  a 
40.5  a 
40.0  a 


2nd  Stubble 


41.3  a 
40.2  a 
40.0  a 


*Means  within  columns  having  different  letters  differ  significantly  at  the  1%  level  by  Duncan's  multiple 
range  test. 

Yields  of  stalks  from  first  and  second  stubble  crops  was  not  affected  by  planting  date.  Juice  brix 
was  not  influenced  by  planting  date  in  plant  cane  or  stubble  crops  (Table  3) . 


Table  3.   Influence  of  date  of  planting  on  brix,  1969  and  1971-75. 


Crop 


Date  planted 


Plant  cane 


1st  Stubble 
-Tons /A-  -  - 


2nd  Stubble 


September  1 
October  1 
November  1 


15.6  a* 

15.3  a 

15.4  a 


16.5  a 
16.5  a 
16.5  a 


17.1  a 
17.0  a 
16.8  a 


*Means  within  columns  having  the  same  letters  do  not  differ  significantly  at  the  1%  level  by  Duncan's 
multiple  range  test. 

These  data  indicate  the  possibility  of  reducing  the  planting  rates  of  sugarcane  (two  lines  of 
stalkSby  early  planting  (September  1).   Additional  experiments  with  planting  rates  (one,  two,  and 
three  lines  of  stalks)  x  dates  of  planting  should  be  made  to  verify  this. 
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EFFECTS  OF  WATER  MANAGEMENT  AND  ROW  HEIGHT  ON  SUGARCANE  YIELD1 
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(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station, 
Baton  Rouge,  Louisiana) 

ABSTRACT 

The  effects  of  water  management  and  row  height  on  a  sugarcane,  i.e.,  variety  CP  65-357,  were 
determined  in  an  experiment  initiated  in  1973  in  0.01-acre  concrete-bordered  plots,  on  Mhoon'silty 
clay  loam  soil,  where  water  management  treatments  could  be  precisely  controlled.  Water -management 
treatments  included  maintaining  a  water  table  at  a  constant  depth  of  one  foot  below  the  soil  surface, 
which  was  drained  to  a  depth  of  at  least  five  feet,  and  on  an  undrained  check  area  where  the  water 
table  fluctuated  naturally  with  rainfall.   Row-height  treatments  included  planting  sugarcane  in 
furrows  opened  on  the  conventional  ridge,  and  a  flat  soil  surface.   During  the  1974  plant  crop,  sugar 
yield  per  acre  for  the  constant  water  table  treatment  was  significantly  higher  than  for  the  drained 
treatment.   Plant  population,  sugarcane  yield  and  sugar  yield  were  significantly  higher  during  the 
first  ratoon  crop  (1975)  for  the  drained  treatment  than  for  the  constant  and  fluctuating  water  table 
treatments.   Plant  population,  sugarcane  yield  and  sugar  yield  were  significantly  higher  during  the 
second  ratoon  crop  (1976)  for  the  flat-planted  rows  than  for  the  ridge-planted  rows.   Rainfall  was 
higher  than  normal  during  1975,  but  lower  than  normal  during  1974  and  1976.   The  water  table  in  the 
check  area  was  high  throughout  most  of  1975,  particularly  during  the  growing  season.   Since  sugarcane 
rows  in  Louisiana  are  spaced  closer  together,  to  increase  plant  population,  the  planting  furrow  must 
be  formed  from  a  flat  surface  instead  of  on  top  of  a  ridge.   As  a  result,  the  sugarcane  seed  piece 
and  stubble  will  be  much  lower,  in  relation  to  the  furrow,  than  they  are  in  the  present  system. 
Damage  due  to  poor  internal  soil  drainage  will  probably  occur  more  frequently  for  the  flat-plant 
system  if  adequate  drainage  is  not  provided. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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EFFECT  OF  WATER  MANAGEMENT  ON  YIELD  AND  LONGEVITY  OF  SUGARCANE1 

Cade  E.  Carter 

Agricultural  Research  Service,  USDA 

Baton  Rouge,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station, 

Baton  Rouge,  Louisiana) 

ABSTRACT 

Five  experiments  were  conducted  on  Louisiana  State  University's  Research  Farm  in  Baton  Rouge 
during  1967-1975  to  determine  the  response  of  sugarcane  to  water  management.   All  experiments  were 
conducted  in  0.01-acre  concrete-bordered  plots  on  Mhoon  silty  clay  loam  soil   The  experiments 
included:   constant  water  tables  during  the  growing  season;  constant  water  tables  during  the  growing 
and  dormant  seasons;  irrigation,  followed  by  sub-surface  drainage;  saturating  the  soil  profile  for 
various  durations;  and  varietal  response  to  constant  water  tables.   Experiments  One  through  Four 
were  conducted  with  the  same  variety,  CP  55-30.   In  Experiment  One,  sugarcane  yields  from  plots  with 
constant  water  tables  24,  32,  40  and  48  inches  below  the  soil  surface  were  56/0  greater  than  those 
from  the  check  area,  where  the  water  table  fluctuated.   Yield  differences  among  the  four  treatments 
were  not  significant.   The  number  of  high-yielding  ratoon  crops  harvested  from  the  treated  plots 
was  increased  to  four  from  the  normal  two.   In  Experiment  Two,  when  the  water  table  was  maxnt ained 
12  30  and  48  inches  below  the  soil  surface,  only  during  the  growing  season,  yields  were  not  signi 
ficantly  different  among  treatments,  but,  when  these  same  water  levels  were  maintained  during  both 
growing  and  dormant  seasons,  cane  yields  were  significantly  reduced  by  high  water  tables   Cane 
yields  were  15,  26  and  33  tons  per  acre  from  the  12,  30  and  48-inch  water  tables,  respectively. 
In  Experiment  Three,  sugarcane  was  irrigated  when  two-thirds  of  the  water  available  to  plants  in  the 
top  two  feet  of  soil  had  been  depleted.   This  condition  occurred  five  times  in  1969  and  three  times 
in  1970,  but  did  not  occur  in  1971.   Yields  from  the  irrigated  plots  were  not  significantly  different 
from  the  non-irrigated  plots.  All  plots  were  subsurface  drained  to  a  depth  of  five  feet.   In 
Experiment  Four,  the  soil  profile  in  the  sugarcane  plots  was  saturated  for  one,  two  and  four  weeks 
followeTby  subsurface  drainage  to  a  depth  of  five  feet  for  seven,  six  and  four  weeks  respectively. 
This  cycle  was  repeated  three  times  during  each  of  the  growing  seasons  m  1972  and  1973   The  check 
plots  were  not  flooded  and  were  subsurface  drained  continuously  to  a  five-foot  depth. _  Cane  yields 
were  reduced  0.21  and  0.40  tons  per  acre  for  each  one-day  increase  in  flood  duration  in  1972  and 
1973,  respectively.   In  Experiment  Five,  sugarcane  yields  of  varieties  CP  48-103,  L  62-96  and  L  65-69 
with  a  two-foot  constant  water  table  were  similar  to  those  from  a  four-foot  constant  water  table. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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AERATED  STEAM  THERAPY  FOR  CONTROL  OF  RATOON  STUNTING  DISEASE 
AND  POSSIBLY  SUGARCANE  MOSAIC1 

0.  M.  Cifuentes  and  R.  J.  Steib 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 

ABSTRACT 

An  aerated  steam  (AS)  treatment  using  51  C  for  four  hours  to  treat  whole  stalks  with  adhering 
trash  was  used  for  the  first  time  in  Louisiana  in  1976  for  control  of  the  ratoon  stunting  disease 
(RSD)  of  sugarcane.   Recent  results  under  Louisiana  conditions  indicate  seed  cane  stalks  of  four  to 
five  months  of  age  are  able  to  tolerate  much  higher  temperatures  and  longer  exposure  periods  than 

51  C  for  four  hours.   Many  varieties  were  treated  at  temperatures  ranging  from  51  to  57  C  with 
exposure  periods  of  from  2  to  12  hours.   Treated  stalks  were  cut  into  one-eye-pieces  3  inches  long 
and  planted  under  optimum  growth  conditions  in  the  greenhouse.  Whole  stalks  of  similar  treatments 
were  planted  in  the  field.   Germination  of  all  varieties  was  excellent  for  AS  treatments  at  51  C  for 
eight  hours,  52  and  53  C  for  five  hours  and  54  C  for  three  hours,  while  54  for  four  hours  reduced 
germination  by  25%.   Field  germination  of  whole  stalks  in  all  cases  was  superior  to  similar  treat- 
ments in  the  greenhouse.   Examination  of  four-month-old  cane  grown  in  the  greenhouse  revealed  a  very 
low  percentage  of  stalks  with  doubtful  mature  RSD  symptoms  for  treatments  at  51  C  for  four  hours, 

52  and  53  C  for  four  hours,  and  54  C  for  three  hours.   Juice  extracts  from  stalks  of  the  above 
treatments  are  being  checked  for  the  presence  of  the  bacterium  found  associated  with  RSD.   Tolerance 
to  the  most  severe  AS  treatments  differed  among  varieties.   After  it  was  found  that  AS  treatments  at 
51  C  for  eight  to  10  hours  and  54  C  for  five  hours  did  not  severely  reduce  germination  of  AS-tolerant 
varieties,  treatments  at  56  C  for  2.5  to  3  hours,  and  57  C  for  2  hours  were  used  to  treat  seed  cane 
stalks  infected  with  both  RSD  and  mosaic.   Mosaic  is  one  of  the  most  destructive  virus  diseases  of 
sugarcane.  With  a  treatment  at  56  C  for  3  hours,  mosaic  control  was  100%  in  two  varieties  and  92% 

in  a  third.   RSD  was  also  effectively  controlled.   Germination  was  55%  for  L  62-96;  67%  for  NCo  310 
and  12%  for  heat-susceptible  CP  65-357.   The  56  C  for  2.5-hour  treatment  improved  germination  over 
56  C  for  3  hours;  however,  it  was  found  to  be  less  effective  in  controlling  mosaic  in  the  same  three 
varieties.  With  a  treatment  at  57  C  for  2  hours,  mosaic  and  RSD  control  was  not  as  effective  as  at 
56  C  for  3  hours.   This  was  possibly  due  to  the  reduced  treatment  period,  which  did  not  allow  time 
for  proper  heat  distribution  among  stalks  being  treated  with  all  adhering  trash.   Preliminary  results 
from  1976  tests  indicate  that  AS  therapy  using  high  temperatures  and  shorter  periods  of  treatment  than 
necessary  for  RSD  control  may  possibly  be  used  to  control  other  systemic  diseases  of  sugarcane 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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MECHANICAL  SUGARCANE  HARVESTER  PERFORMANCE  EFFICIENCY  AND 
PRODUCT  QUALITY  WITH  SELECTED  SUGARCANE  VARIETIES 

J.  E.  Clayton,  B.  R.  Eiland,  J.  D^Miller 
P.  M.  Lyrene  and  H.  H.  Samol— 

ABSTRACT 

The  mechanical  harvester  performance  efficiency  of  nine  sugarcane  varieties  was  measured  during 
a  three-year  sugarcane  crop  cycle  in  Florida.   These  varieties  had  diverse  stalk  and  growth  character- 
istics which  represent  Florida  sugarcane.   Performance  efficiency  and  quality  measurements  were  made 
on  the  center  two  rows  of  a  four-row  plot.   Varieties  were  in  a  randomized  block  experiment,  with 
.»-  „».n...n«n«.   ThP  nines  of  each  variety  were  rated  for  erectness  by  the  researchers  before  anc 

)ts. 


recumbent  varieties  were  uprooted  during  the  first  ratoon 
was  lower  in  all  varieties.   Harvester  efficiency  was  higher  in  the  second  ratoon  crop  because  most 
varieties  were  erect.   Variety  CP  65-357  had  the  highest  plant  population  and  the  highest  harvester 
performance  efficiency-averaging  96.7%  over  the  three-year  period.   The  average  yield  of  thxs  variety 
was  48  5  tons  per  acre.   The  average  trash  content  of  the  varieties  ranged  from  7.4  to  16.6%  over  the 
three  harvests.   Stalk  diameter.,  erectness,  brittleness,  yield,  sugar  content  and  other  factors  were 


measured  in  the  experiment. 

INTRODUCTION 


Uniform  rows  of  erect  sugarcane  are  needed  for  maximum  performance  efficiency  of  a  mechanical 
harvester.   Varieties  with  small  amounts  of  adhering  leaves  and  with  tops  that  are  uniform  in  height 
provide  good  conditions  for  mechanically  harvesting  clean  sugarcane.   Mechanical  harvesters  m  Florida 
perform  better  in  plant  cane  fields  than  in  ratoon  fields  because  the  root  system  is  firmer  and  the 
row  of  cane  is  narrow  and  continuous  in  the  plant  cane.   High-yielding  varieties  can  become  recumbent 
in  plant  cane  fields  because  of  inadequate  support  by  the  roots  in  the  soft  muck  soils.   The  stalks 
that  are  uprooted  by  windstorms  are  lost  for  subsequent  crop  production  with  hand  or  mechanical  har 
vesting  methods.   Sugarcane  breeders  are  continually  developing  varieties  to  meet  new  production  and 
harvesting  requirements  (2). 

Both  gathering-type  and  recumbent-type  harvesters,  manufactured  by  seven  companies,  are  used  to 
harvest  about  30%  of  the  sugarcane  in  Florida.   The  remainder  is  cut  by  hand  and  picked  up  with  a  machine 
which  chops  and  loads  the  windrows  of  cane.   The  gathering-type  mechanical  harvesters  depend  on  crop- 
lifters  for  dividing  and  channeling  the  row  of  cane  into  the  feeding  system  of  the  harvester.   These 
machines  usually  do  not  have  a  provision  for  cutting  matted  cane  from  the  adjacent  row  if  it  cannot  be 
separated  by  the  croplifters.   The  recumbent-type  harvesters  do  not  separate  the  cane,  but  merely  cut 
through  the  tangled  material  with  dividing  knives  as  it  is  presented  to  the  harvesters.   The  mat  of  cane 
is  cut  and  lifted  into  the  harvester  by  pickup  drums  or  chains.   The  recumbent-type  harvesters  leave 
short  pieces  of  cane  as  the  row  is  divided,  and  the  lifting  mechanism  must  be  wide  enough  to  pick  up 
these  pieces  on  a  subsequent  pass  through  the  field.   Both  types  of  harvesters  use  circular  base  cutters 
to  cut  the  stalks  from  the  root  system.   The  rows  must  be  relatively  flat  for  both  types  of  harvesters, 
especially  when  the  cane  is  recumbent.   The  extent  to  which  varietal  characteristics  affect  performance 
efficiency  depends  on  whether  a  gathering-  or  recumbent-type  harvester  is  used. 

This  experiment  was  conducted  to  determine  which  varietal  characteristics  are  important  for  main- 
taining crop  production  when  using  a  gathering-type  harvester.  The  results  presented  are  from  a  plant 
crop  and  two  ratoon  crops  using  varieties  representing  the  types  of  sugarcane  grown  in  Florida. 

MATERIALS  AND  METHODS 

Nine  varieties  of  sugarcane  were  planted  on  October  24-25,  1973  using  commercial  practices  with  a 
planting  rate  of  two  continuous  lines  of  stalk.   The  varieties  were:   CI  41-223,  CI  54-378,  CP  56-59, 
CP  63-306  CP  63-588,  CP  65-357,  CP  66-1079,  CP  68-1067  and  L  61-49.   These  varieties  were  selected 
for  a  range  of  stalk  and  growth  characteristics  from  commercial  and  unreleased  varieties  to  determine 
their  effect  on  harvester  performance  efficiency.   Harvester  and  field  transport  traffic  was  kept  uni- 
form through  the  field  to  aid  in  determining  which  varieties  respond  best  after  mechanical  harvesting. 


-7J.  E.  Clayton  and  B.  R.  Eiland  are  Agricultural  Engineers,  Science  and  Education  Administration,  USDA, 
Belle  Glade,  FL;  J.  D.  Miller  is  a  Research  Geneticist,  Science  and  Education  Administration,  USDA, 
Canal  Point,  FL;  P.  M.  Lyrene  is  a  Plant  Breeder,  University  of  Florida;  and  H.  H.  Samol  was  formerly 
an  Agronomist,  Florida  Sugar  Cane  League,  Clewiston,  Florida. 
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The  experimental  design  was  a  randomized  complete  block  with  three  replications.   Field  test  plots 
were  each  20  feet  wide,  300  feet  long  and  contained  4  rows.   The  test  blocks  were  bordered  with  variety 
CP  63-588.   Sufficient  space  was  left  between  replications  to  allow  turning  of  the  harvesting  equipment. 
The  direction  of  the  harvester  travel  through  the  field  was  not  considered  important  and  each  replication 
was  harvested  in  the  same  direction  each  year. 

We  counted  mature  stalks  on  30  feet  of  each  interior  plot  row  on  August  13  and  October  11,  1974 
for  the  plant  cane  crop.   In  the  subsequent  two  harvests,  the  stalk  counts  were  made  after  burning  and 
prior  to  harvest  on  December  1,  1975  and  December  7,  1976.   Brittleness  ratings  were  determined  from 
deflection  measurements  made  on  October  11,  1974,  with  the  brittleness  tester  developed  in  Louisiana  (1). 
The  two  interior  rows  of  each  plot  were  used  for  determining  cane  yield  per  acre,  average  stalk  diameter, 
total  length  of  skips  in  a  row  (over  3  feet  long),  harvester  performance  efficiency,  trash  content  and 
sugar  content.   Uncleaned  sugarcane  samples  from  the  harvester  were  milled  for  juice  analysis  for  the 
first  harvest.   Because  of  inconsistent  sugar  results,  only  clean  cane  pieces  were  milled  for  the  second 
and  third  harvests.   Sugar  yields  were  determined  from  the  juice  analyses  at  Canal  Point  using  appropriate 
Variety  Correction  Factors  (VCF)  (3,  4). 

Erectness  ratings  were  made  independently  by  four  persons  before  and  after  the  cane  was  burned.   A 
scale  of  l-(erect)  to  10-points  (recumbent)  was  used.   A  rating  of  5  indicated  that  the  stalks  were 
leaning  at  a  45  degree  angle  at  the  base.   The  stalk  diameter  and  skip  length  measurements  were  made  in 
the  row  before  the  passage  of  the  harvester.   The  harvester  performance  efficiency  was  made  by  scrapping 
the  cane  from  50  feet  of  row  immediately  after  passage  of  the  harvester.   The  average  yield  of  the  two 
rows  was  used  to  calculate  the  harvester  efficiency.   The  trash  samples  were  taken  by  use  of  a  tractor 
front  loader  equipped  with  a  large  plastic  tub  for  obtaining  approximately  150  pounds  of  cane. 

The  p^ots  were  harvested  with  a  Massey-Ferguson  201-  harvester  for  the  first  and  third  harvests. 
A  Toft  300-  harvester  was  used  for  the  second  harvest  as  the  other  harvester  was  not  available.  The 
plots  were  plowed  out  by  the  cooperator  after  the  third  harvest. 

RESULTS 

The  plant  populations  per  acre  of  mature  stalks  and  the  brittleness  ratings  of  the  nine  varieties 
are  shown  in  Table  1.   Variety  CP  65-357  had  more  stalks  than  any  other  variety  and  maintained  32,000 
to  40,000  stalks  per  acre  each  year.   Varieties  CP  56-59,  CP  66-1079  and  L  61-49  also  maintained  their 
level  of  stalk  numbers  each  year.   Most  of  the  other  varieties  had  lower  plant  populations  in  the  third 
harvest  with  CP  63-588,  CP  68-1067  and  CI  41-223  dropping  to  about  13,000  stalks  per  acre  and  CI  54-378 
having  only  5,000  stalks  per  acre.   The  brittleness  ratings  varied  from  6.6  for  variety  CP  66-1079  to 
10.4  for  CI  41-223.   Varieties  CP  65-357  and  CI  41-223,  with  brittleness  ratings  of  9.0  and  10.4, 
respectively,  were  more  difficult  to  break. 

Table  1.   Summary  of  plant  populations  and  brittleness  ratings  of  nine  sugarcane  varieties,  Belle  Glade, 
Florida. 


Plant 

Plant 

1st  Ratoon 

2nd  Ratoon 

Brittleness— 

Variety 

8-8-74 

10-11-74 

12-1-75 

12-7-76 

Rating 

CP  65-357 

35,400 

32,200 

40,200 

35,800 

9.0 

CP  56-59 

28,500 

17,000 

19,800 

17,300 

8.1 

CP  63-588 

28,200 

21,700 

23,100 

12,600 

8.1 

CP  63-306 

31,400 

26,100 

27,500 

21,000 

8.2 

CP  66-1079 

29,000 

26,400 

25,400 

27,300 

6.6 

L  61-49 

24,100 

25,600 

25,900 

23,600 

8.2 

CP  68-1067 

22,100 

22,900 

23,200 

13,200 

7.4 

CL  41-223 

24,100 

20,500 

18,800 

12,200 

10.4 

CL  54-378 

28,500 

18,000 

16,300 

4,900 

7.3 

—  Average  number  of  1/8-inch  increments  of  deflections  before  stalk  broke,  plant  cane  only. 

Erectness  ratings  for  the  varieties  ranged  from  3.0  to  9.3  before  burning  and  from  4.3  to  9.6  after 
burning  in  the  plant  cane  crop  (Table  2).   They  ranged  in  erectness  from  2.4  to  7.9  before  burning  and 


—  Manufactured  by  Massey-Ferguson  and  Toft  of  Australia.   Trade  names  are  used  in  this  publication 

solely  for  the  purpose  of  providing  specific  information.   Mention  of  a  trade  name  does  not  constitute 
a  guarantee  or  warranty  of  the  product  by  USDA  or  an  endorsement  by  the  Department  over  products  not 
mentioned. 
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from  5.4  to  9.4  after  burning  in  the  first  ratoon  crop.   The  erectness  range  was  from  3.8  to  7.7 
before  burning  and  from  5.7  to  8.3  after  burning  in  the  second  ratoon  crop.   Table  2  shows  this  com- 
parison of  the  erectness  ratings  for  the  three  years.   In  all  cases,  variety  CI  54-3  8  was  the  most 
recumbent  for  the  first  two  crops, 
ratoon  crop. 


Three  other  varieties  were  similarly  recumbent  in  the  second 


Table  2. 


Summary  of  erectness  ratings, 
Belle  Glade,  Florida. 


stalk  diameters,  and  total  skips  of  nine  sugarcane  varieties, 


Variety 


CP  65-357 


CP  56-59 


CP  63-588 


CP  63-306 


CP  66-1079 


L  61-49 


CP  68-1067 


CL  41-223 


CL  54-378 


Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 
Plant 
1st  R. 
2nd  R. 


Erectness  rating 
Unburned   Burned 


3.0 
4.4 
3.8 
4.4 
4.4 


4.0 
2.4 
4.8 
3.3 
4.0 


5. 
7, 
8. 

5. 

5, 

6, 

7 

6 

7.8 

7.9 

8.0 

8.3 

6.2 

7.2 

6.8 

4.9 

5.4 

7.4 

4.3 

6.6 

8.0 

5.0 

6.9 

5.7 

9.6 

9.4 

7.4 


Stalk 

diameter 

(mir 

) 

24. 

3 

22. 

6 

22. 

7 

27. 

6 

25. 

7 

26. 

5 

29. 

1 

30. 

1 

31. 

0 

26 

3 

25 

3 

25 

6 

28 

2 

26 

4 

24 

8 

26 

4 

25 

0 

24 

0 

33 

4 

32 

2 

31 

.6 

31 

.3 

31 

.0 

31 

.4 

30 

.0 

31 

.3 

30 

.5 

Skips 
(%) 


24.9 
34.0 
38.2 
28.8 
51.1 
80.8 
13.1 
46.0 
79.8 
9.1 
31.9 
63.1 
16.7 
18.4 
40.5 
30.2 
35.3 
61.1 
30.6 
38.9 
64.9 
14.5 
30.2 
75.8 
19.0 
48.2 
89.8 


Some  varieties  fell  noticeably  during  burning,  perhaps  due  to  the  removal  of  trash  that  supported 
the  stalks  or  to  relaxation  of  the  supporting  fibers  as  the  result  of  the  heat.   Variety  CI  41-223  had 
very  little  change  in  rating  before  and  after  burning  in  the  plant  crop  and  changed  slightly  after 
burning  in  the  first  and  second  ratoon  crops.   Variety  CP  56-59,  with  a  rating  of  about  5  points,  changed 
about  one  point  after  burning  in  the  first  two  harvests.   Variety  CP  65-357,  which  was  rather  erect,  fell 
after  burning  each  year  with  a  rating  change  of  3  points  or  more. 

This  experiment  was  planted  on  relatively  soft  muck  soil  and  the  varieties  were  probably  more  recum- 
bent than  in  the  general  Florida  growing  area.   We  could  not  observe  any  damage  to  the  stubble  of  the 
plant  cane  crop  because  of  the  passage  of  the  harvester  and  transport  over  each  row.   The  field  was  culti- 
vated flat  for  the  first  harvest  and  it  was  easily  kept  flat  by  the  harvester  cutting  blades.   Stubble  was 
removed  by  the  harvester  base  cutters  in  the  first  ratoon  crop.   No  satisfactory  method  of  measuring 
the  stubble  removal  could  be  devised  by  observing  the  row  or  by  determining  the  amount  of  stubble  loaded 
with  the  cane.   There  was  little  damage  to  the  stubble  in  the  second  ratoon  crop.   There  was  a  small 
visual  difference  in  the  harvesting  efficiency  due  to  the  direction  of  travel  in  some  varieties  but  each 
replication  was  harvested  in  the  same  direction  each  year. 

The  skips  in  the  row  that  were  longer  than  3  feet  were  measured  at  harvest  each  year.   These  are 
recorded  in  Table  2  as  the  percent  of  the  row  where  there  was  no  cane.   The  amount  of  skips  varied  from 
9.1  to  30.6  percent  in  the  plant  crop  for  the  nine  varieties.   The  skips  ranged  from  18.4  to  51.1%  of 
the  area  in  the  first  ratoon  crop  and  from  38.2%  (CP  65-357)  to  89.8%  (CI  54-378)  in  the  second  ratoon 
crop.   Seven  of  the  varieties  had  skips  which  averaged  60  to  80%  of  the  row  length.   The  skips  did  not 
particularly  affect  yields  in  the  plant  or  first  ratoon  crops,  but  severely  affected  the  second  ratoon 
crop  yields.   Some  stubble  loss  in  several  varieties  can  be  attributed  to  damage  from  rats  and  rabbits. 

Varieties  CP  65-357  and  CP  66-1079,  with  38  and  40%  skips,  respectively,  averaged  42.6  and  39.3  tons 
per  acre  in  the  second  ratoon  crop,  respectively.   The  average  diameters  of  the  stalks  are  shown  in  Table  2. 
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Variety  CP  68-1067  had  the  largest  diameter  (32.4  mm)  while  CP  65-357  had  the  smallest  (23.2  mm)  average 
diameter  over  the  3-year  period. 

Table  3  shows  yield,  harvester  performance  efficiency,  trash  content,  sugar  content  and  sugar  yield 
from  the  nine  varieties  in  the  experiment.   Harvester  performance  efficiency  was  measured  as  the  percent- 
age of  crop  recovered  by  the  harvester  based  on  the  scrap  from  the  50-foot  plot.   Harvester  efficiency 
for  the  recumbent  variety  CI  54-378  was  93.8%  for  the  plant  crop  and  89.5%  for  the  first  ratoon  crop  as 
compared  to  approximately  98%  and  95%  for  these  2  years  for  more  erect  varieties  CP  65-357  and  L  61-49. 
Six  of  the  varieties  harvested  at  efficiencies  around  98%  in  the  plant  cane  crop.   In  the  first  ratoon 
crop,  five  of  the  varieties  harvested  at  efficiencies  of  94  to  95%  while  others  dropped  to  about  90%. 
This  drop  in  harvester  efficiency  from  plant  crop  to  first  ratoon  crop  can  be  attributed  to  the  poorer 
root  system  of  the  ratoons  and  more  recumbent  cane.   The  harvester  efficiencies  for  the  varieties  in  the 
second  ratoon  crop  ranged  from  94.2  to  98.1%  with  four  varieties  approaching  98%. 


Table  3.   Average  of  yield,  harvester  performance  efficiency,  trash  content,  sugar  content,  and  sugar 
yield  of  nine  sugarcane  varieties,  Belle  Glade,  Florida. 


Harv. 

Trash 

Sugar 

Sugar 

Yield 

eff. 

content 

content 

yield 

Variety 

-year 

(tons/A) 

(%) 

(%) 

(lbs/ton) 

(lbs/A) 

CL  41- 

Plant 

56.7 

97.7 

11.1 

152.3 

8,635 

223 

1st  R. 

37.6 

90.9 

14.3 

215.3 

6,960 

2nd  R. 

18.9 

94.5 

24.5 

197.8 

2,810 

AVG. 

37.7 

94.4 

16.6 

188.5 

6,135 

cp  es- 

Plant 

55.6 

97.9 

7.8 

178.2 

9,908 

sss 

1st  R. 

34.4 

90.6 

9.5 

258.2 

8,050 

2nd  R. 

15.8 

96.0 

12.7 

237.7 

3,250 

AVG. 

35.3 

94.8 

10.0 

224.7 

7,067 

CL  54- 

Plant 

44.4 

93.8 

10.4 

200.5 

8,902 

378 

1st  R. 

30.6 

89.5 

11.0 

221.8 

6,170 

2nd  R. 

10.7 

95.7 

21.8 

226.3 

1,900 

AVG. 

28.6 

93.0 

14.4 

216.2 

5,652 

CP  65- 

Plant 

53.9 

98.1 

8.0 

152.7 

8,230 

357 

1st  R. 

48.9 

95.0 

6.0 

235.5 

10,790 

2nd  R. 

42.6 

97.7 

10.3 

232.9 

8,850 

AVG. 

48.5 

96.9 

8.1 

207.0 

9,289 

CP  56- 

Plant 

47.6 

98.3 

9.3 

172.9 

8,230 

59 

1st  R. 

35.7 

93.6 

8.4 

207.8 

6,800 

2nd  R. 

18.2 

98.1 

17.6 

223.4 

3,370 

AVG. 

33.8 

96.7 

11.8 

201.4 

6,134 

L  61- 

Plant 

47.1 

98.4 

5.0 

183.0 

8,620 

49 

1st  R. 

38.7 

94.9 

9.8 

229.7 

8.075 

2nd  R. 

25.2 

94.2 

11.4 

220.0 

4,960 

AVG. 

37.0 

95.8 

8.7 

210.9 

7,218 

CP  68- 

Plant 

59.8 

96.8 

5.6 

193.0 

11,550 

1067 

1st  R. 

47.2 

89.7 

5.7 

245.1 

10,920 

2nd  R. 

26.8 

97.7 

11.0 

230.7 

5,490 

AVG. 

44.6 

94.7 

7.4 

222.9 

9,351 

CP  66- 

Plant 

54.7 

97.3 

7.5 

163.5 

8,940 

1079 

1st  R. 

48.0 

95.3 

8.7 

225.1 

9,870 

2nd  R. 

39.3 

97.8 

8.0 

220.9 

7,980 

AVG. 

47.3 

96.8 

8.1 

203.2 

8,930 

CP  63- 

Plant 

54.3 

97.9 

8.6 

202.1 

10,980 

306 

1st  R. 

37.6 

93.8 

7.2 

207.7 

7,240 

2nd  R. 

21.8 

96.5 

12.0 

226.6 

4,390 

AVG. 

37.9 

96.1 

9.3 

212.1 

7,530 

GRAND  AVG. 

39.0 

95.5 

10.5 

209.7 

7,481 

Variety  CI  41-223  had  the  highest  trash  content  for  the  3  years,  averaging  16.6%,  while  the  recum- 
bent variety  CI  54-378  was  second  with  a  14.4%  average.   Variety  CI  41-223  had  a  high  degree  of  suckering 
and  non-uniform  growth  characteristics  while  CI  54-378  was  too  recumbent  for  removal  of  tops  by  the 
harvester.   Some  varieties  contained  6  to  8%  trash  for  the  plant  and  first  ratoon  crops  and  contained 
10  to  12%  in  the  second  ratoon  crop.   This  increase  occurred  due  to  the  low  stalk  population  and  the 
resulting  low  yields.   Some  varieties  averaged  7  to  9%  trash  over  the  3-year  experiment. 
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Cane  yields  ranged  from  44.4  to  59.8  tons  per  acre  in  the  plant  crop,  from  30.6  to  48.9  tons  per 
acre  in  the  first  ratoon  crop  and  from  10.7  to  42.6  tons  per  acre  in  the  second  ratoon  crop.   Varieties 
CP  65-357  and  CP  66-1079  maintained  a  yield  of  42.6  and  39.3  tons  per  acre,  respectively,  in  the  second 
ratoon  crop  and  averaged  48.5  and  47.3  tons  per  acre,  respectively,  over  the  3-year  period.   Four  of  the 
varieties  produced  only  10  to  20  tons  per  acre  in  the  second  ratoon  crop  and  averaged  28.6  to  37.7  tons 
per  acre  over  the  3-year  experiment. 

The  sugar  yield  data  from  the  plant  cane  crop  were  highly  variable  and  were  not  considered  reliable 
because  of  the  delays  between  harvesting  and  milling  and  the  variable  trash  contents.   By  the  time  of 
milling,  the  samples  harvested  early  in  the  experiment  apparently  had  deteriorated,  thus  losing  sugar. 
Several  samples  were  cut  by  hand  in  the  plant  cane  crop  because  of  wet  weather.   Varying  amounts  of  tops 
in  the  mill  samples  may  also  have  affected  sugar  yield  estimates  because  of  unrepresentative  samples. 
Clean  cane  pieces  were  selected  and  milled  promptly  in  the  first  and  second  ratoon  crops. 

DISCUSSION  AND  CONCLUSIONS 

The  varieties  harvested  better  than  expected  in  the  plant  crop  in  view  of  the  amount  of  recumbency. 
Apparently,  the  cane  had  a  good  root  system  that  held  the  plants  in  the  ground  as  the  harvester  gathered 
and  pulled  the  cane  into  the  harvester.  The  average  harvester  performance  efficiency  dropped  5  points 
from  the  plant  crop  to  the  first  ratoon  crop.  This  drop  occurred  because  of  a  poorer  root  system  in  the 
ratoon  crop  with  a  resulting  increase  in  recumbency.  The  harvester  was  not  capable  of  gathering  all  the 
recumbent  stalks.  The  harvester  performance  efficiency  in  the  second  ratoon  crop  was  about  1  point  lower 
than  in  the  plant  cane  crop. 

Some  stalks  were  uprooted  prior  to  harvest  in  the  first  ratoon  crop  and  the  harvester  base  cutters 
removed  these  roots.   We  observed  that  stubble  had  been  removed  and  that  stubble  was  in  the  cane  in  the 
wagon.   We  could  not  devise  a  method  of  measuring  the  damage  done  to  the  varieties  by  the  harvester 
cutting  mechanisms  or  by  the  travel  of  the  harvester  and  wagon  through  each  row  of  cane.   Most  rows 
remained  flat  throughout  the  3  years  and  the  ends  of  the  rows  were  kept  grassed  with  very  little  cane 
loss  when  the  harvester  entered  and  exited  the  ends  of  the  field. 

The  growth  characteristics  of  a  variety  such  as  CI  41-223  are  such  that  the  stalks  grow  from  the 
side  of  the  row  and  are  leaning  so  that  they  fall  when  they  become  heavy.   Varieties  which  grow  straight 
at  the  base,  and  varieties  with  larger  numbers  of  stalks  remain  straight  for  longer  periods  or  support 
the  leaning  stalks  so  that  they  are  not  recumbent.   Some  of  the  varieties  became  recumbent  after  burning, 
but  there  was  space  at  the  bottom  of  the  stalks  for  the  harvester  base  cutters  and  croplifters  to  cut 
and  lift  it  properly. 

The  trash  contents  tended  to  increase  with  each  harvest  and  this  increase  occurs  because  of  several 
different  factors:   (1)  lower  plant  populations  and  poorer  burns  because  of  less  dry  material  available 
for  combustion,  (2)  more  green  leaves  and  suckers  available  which  slows  burning  by  reducing  combustion 
temperature,  (3)  more  green  growth  because  of  available  light  and  space  in  low  plant  populations, 
(4)  green  trash  and  suckers  are  more  difficult  to  remove  by  the  harvester,  which  reduces  the  cleaning 
effectiveness . 

Sugar  contents  were  generally  lower  in  the  plant  crop  and  highest  in  the  first  ratoon.   Sugar 
yields  were  generally  higher  in  the  plant  crop  and  lowest  in  the  second  ratoon.   Three  varieties 
(CP  65-357,  CP  66-1079  and  CP  68-1067)  produced  4.5  tons  of  sugar  per  acre  while  the  other  six 
varieties  averaged  less  than  4.0  tons  of  sugar  per  acre. 

The  ability  of  stubble  to  remain  in  the  soil  intact  while  harvesting  is  the  most  important  harvesting 
characteristic  which  we  observed.   Obviously,  the  amount  of  stubble  removed  or  destroyed  determines  the 
future  yield  capacity  of  the  field.   Stubble  was  removed  easier  in  the  large  diameter  canes  than  in  the 
smaller  canes  because  they  fell  and  pulled  the  stubble  out  of  the  soil.   The  second  most  important  harvesting 
characteristic  was  that  as  the  plant  population  decreases,  the  trash  content  increases  for  a  particular 
variety.   The  harvester  could  not  remove  the  green  trash  from  the  stalks  from  the  low  tonnage  plots. 

Vigorous  growing  canes  which  stubble  well  after  harvesting  will  simplify  mechanical  harvesting 
operations.   These  types  of  sugarcane  can  be  characterized  as  having  high  plant  populations  and  smaller 
stalk  diameters.   Unfortunately,  this  implies  that  the  fiber  content  of  the  cane  will  increase,  which 
will  require  more  power  to  harvest  and  to  process. 
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SEROLOGICALLY  SPECIFIC  ELECTRON  MICROSCOPY  DETECTS  THE 
RATOON  STUNTING  DISEASE-ASSOCIATED  BACTERIUM 

K.  E.  Damann,  Jr.,  K.  S.  Derrick  and  A.  G.  Gillaspie,  Jr. 

Department  of  Plant  Pathology 

Louisiana  State  University 

and 
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Beltsville,  Maryland 

ABSTRACT 

Serologically  specific  electron  microscopy  (SSEM)  was  used  for  the  detection  and  identification 
of  the  distinctive  bacterium  associated  with  ratoon  stunting  disease  (RSD) .   An  antiserum  to  the 
bacterium  was  made  by  injecting  purified  preparations  of  the  bacterium  into  a  rabbit  at  weekly  intervals 
for  three  months.   Parlodion-coated  carbon- fronted  electron  microscope  grids  were  floated  on  drops  of 
the  antiserum  (diluted  1:500)  for  30  minutes.   Floating  these  antiserum-coated  grids  on  drops  of  juice 
or  vascular  extracts  from  RSD-infected  plants  for  three  hours  resulted  in  the  attachment  of  the  bacter- 
ium to  the  grid  surface  by  a  specific  antigen-antibody  reaction.   SSEM  did  not  require  concentration 
of  the  RSD  bacterium,  as  does  the  micropreciptln  test  for  bacterial  detection.   The  technique  appears 
to  be  more  powerful  than  quick  drip  electron  microscopy,  and  it  has  been  used  to  diagnose  RSD. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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SMUT  THREATENS  MAINLAND  SUGARCANE1 

J.  L.  Dean 

Agricultural  Research  Service,  USDA 

Canal  Point,  Florida 

ABSTRACT 

Sugarcane  smut,  caused  by  the  fungus  Us til ago  scitaminea,  is  characterized  by  the  emergence  of 
a  slender,  whip-like  appendage  from  the  region  of  the  growing  point  of  an  infected  plant.   The  black 
color  of  the  whip  is  due  to  a  layer  of  dark  fungus  spores  that  can  be  rubbed  off  in  soot-like  masses. 
These  spores  are  normally  disseminated  by  wind  blowing  from  the  smut  whips  to  contaminate  other  soil 
and  plant  surfaces.   Infection  occurs  through  buds,  usually  when  the  buds  are  germinating,  although 
it  is  claimed  that  the  infection  of  dormant  buds  may  occur,  and  that  the  infection  may  remain  latent 
until  the  infected  buds  begin  to  grow.   Young  tillers  may  become  infected  as  they  emerge  through 
smut-infested  soil.   The  effect  of  the  disease  on  the  cane  depends  upon  the  degree  of  resistance  of 
the  cane  variety,  as  well  as  the  time  at  which  infection  occurs.   Primary  shoot  infection  of  a  very 
susceptible  variety  may  result  in  a  stunted  grassy-appearing  stool  with  many  smut  whips  and  no 
millable  stalks.   At  the  other  extreme,  a  stool  of  a  more  resistant  variety  may  show  a  single  smut 
whip  on  a  nearly  normal  millable  stalk.   Sugarcane  smut  has  caused  serious  economic  loss  in  some 
countries  and  little  damage  in  others.   In  all  cases,  the  disease  has  been  brought  under  control  in 
a  few  years  by  means  of  resistant  varieties.   It  is  important  to  determine  the  degree  of  resistance 
of  the  commercial  varieties  and  the  canes  used  as  parents  in  breeding  programs  as  early  as  possible. 
It  is  hoped  that  this  information  will  be  obtained  about  U.  S.  varieties  before  smut  arrives  on  the 
mainland  of  the  U.  S.   Long  present  in  Asia  and  Africa,  sugarcane  smut  first  appeared  in  the  Western 
Hemisphere  in  1940,  in  Argentina.   By  1957,  the  disease  has  spread  to  Paraguay,  Brazil  and  Bolivia. 
In  1971,  it  was  found  in  Hawaii.   It  appeared  as  a  serious  threat  to  the  U.  S.  mainland  when  it  was 
found  on  the  northern  coast  of  South  America  (Guyana)  and  invaded  the  Caribbean  (Trinidad  and 
Martinique),  in  1974.   The  threat  became  acute  when  smut  was  found  in  Jamaica,  600  miles  from  the 
Florida  industry,  in  November,  1976.   Plans  are  currently  being  developed  to  test  U.  S.  cane  varie- 
ties for  smut  resistance  in  Jamaica.   Because  of  the  Jamaican  quarantine  requirements,  testing  will 
not  begin  until  about  September,  1978. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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THE  EFFECT  OF  N,N-BIS  (PHOSPHONOMETHYL)  GLYCINE  ON 
SOME  PHYSIOLOGICAL  COMPONENTS  OF  SUGARCANE  YIELD 

G.  Dill  and  F.  A.  Martin 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 


ABSTRACT 


The  effect  of  N,N-bis  (phosphonomethyl)  glycine  on  photosynthesis,  dark  respiration,  specific 
leaf  weight  and  percent  dry  weight  was  examined  during  the  latter  stages  of  sugarcane  crop  development. 
On  September  17,  1976,  glyphosine,  at  a  rate  of  3.36  kg/ha,  was  applied  to  the  variety  L  62-96. 
Sampling  was  initiated  on  September  21,  1976,  and  continued  at  two-week  intervals  through  November  16, 
1976.   Suppression  of  average  photosynthetic  and  dark  respiration  rates,  as  well  as  an  increase  in  percent 
dry  weight,  apparently  resulted  from  the  glyphosine  treatment.   No  differences  in  average  specific  leaf 
weights  were  observed  in  this  study. 

INTRODUCTION 

The  development  of  commercial  sugarcane  ripeners  to  enhance  yield  has  recently  been  a  target  of  much 
interest  in  the  sugarcane  industry  (1,  3,  4)  .   This  paper  deals  with  the  effects  of  one  such  ripener, 
N,N-bis  (phosphonomethyl)  glycine  (glyphosine)  on  some  physiological  components  of  sugarcane  yield. 
Photosynthesis,  dark  respiration,  specific  leaf  weight  and  percent  dry  weight  of  the  variety  L  62-96  were 
examined  in  the  fall  of  1976  after  the  application  of  glyphosine.   The  effects  of  this  compound  were 
monitored  over  a  10-week  period  and  at  five  different  leaf  positions  through  the  later  stages  of  sugarcane 
crop  development  in  Louisiana. 

MATERIALS  AND  METHODS 

Plots  of  several  varieties  were  planted  in  a  randomized  block  design  in  the  fall  of  1975  at  the  St. 
Gabriel  Experimental  Farm  of  the  Louisiana  Agricultural  Experiment  Station.   Each  block  contained  2  plots 
each  of  the  variety  L  62-96.   On  September  17,  1976  N,N-bis  (phosphonomethyl)  glycine  (glyphosine)  at  a 
rate  of  3.36  kg/ha  was  applied  to  one  of  the  L  62-96  plots  in  each  block.   The  glyphosine  was  applied 
using  a  compressed  C0„  system  mounted  on  ground  equipment  in  an  attempt  to  simulate  aerial  application. 
Sampling  began  September  22,  1976  and  was  done  every  other  week  over  a  10-week  period  through  November  16, 
1976. 

Whole  stalk  samples  were  cut  in  the  morning  approximately  one  hour  after  sunrise,  transported  to  the 
laboratory,  recut  under  water  and  stored  until  the  time  of  measurement.   Leaf  positions  were  numbered  using 
the  method  described  by  Van  Dillewijn  (7),  where  the  top  visible  dewlap  (TVP)  is  the  +1  position.   All 
leaves  below  the  TVD  are  assigned  subsequent  positive  values  (+2,  +3,  ...etc).   All  leaves  remained 
attached  to  the  stalk  until  measurements  were  taken.   Leaves  at  positions  +1,  +3,  +5,  +7,  and  +9  were 
examined  in  this  study. 

An  open  system  was  used  to  measure  photosynthesis  and  dark  respiration  by  net  carbon  exchange.   Two 
leaf  chambers  were  constructed  out  of  plexiglass  using  1 ,2-dichloroethane,  a  plexiglass  solvent,  and  silicone 
sealant.   Both  chambers  were  built  with  a  double  bottom,  the  lower  compartment  was  utilized  as  a  constant 
temperature  water  bath,  while  the  upper  chamber  was  the  leaf  compartment.   By  flowing  water  through  the 
lower  compartment,  a  temperature  of  30-32  C  was  maintained. 

Leaves  were  detached  from  the  stalk,  recut  under  water,  and  the  cut  end  left  submerged  throughout 
the  measurements.   The  leaf  blade  was  inserted  into  the  leaf  compartment  to  a  point  6  inches  above  the 
junction  of  the  blade  and  the  sheath.   The  slits  around  the  leaf  blade  at  each  end  of  the  leaf  compartment 
were  then  sealed  with  plastic  adhesive. 

Atmospheric  air  (370  -   10  ppm  C02)  taken  20  feet  above  the  ground  was  pumped  into  a  35  liter 
reservoir  with  a  diaphragm  pump.   Each  leaf  chamber  was  supplied  with  a  separate  pump  and  reservoir. 
The  air  feed  line  was  split  upon  leaving  the  reservoir  so  that  samples  of  atmospheric  air  could  be 
diverted  to  the  infrared  gas  analyzer  (IRGA) .   Before  entering  the  leaf  chamber,  air  was  humidified 
(80%  RH) .   Flow  rates  over  the  leaf  were  held  constant  at  1  liter  per  minute  while  light  intensity  was 
held  constant  at  4.3  x  10   lux  with  a  mercury  vapor  light  source. 

Leaves  were  allowed  to  equilibrate  20-30  minutes  in  the  light  before  photosynthetic  measurements 
were  made.   When  the  concentration  of  C0„  leaving  the  leaf  compartment  was  constant,  the  leaf  was  con- 
sidered to  be  equilibrated.   Two  layers  of  black  felt  were  then  placed  over  the  leaf  chamber  to  block 
out  the  light.   Again,  20-30  minutes  elapsed  before  the  leaf  reached  equilibrium  and  dark  respiration 
measurements  could  be  made. 
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The  leaves  were  then  taken  from  the  chamber  and  their  area  measured  with  a  portable  area  meter. 
Fresh  and  dry  weights  were  then  taken.   Specific  leaf  weight  on  a  fresh  weight  basis,  and  percent  dry 
weight  were  then  taken  from  these  data.   All  calculations  were  performed  as  previously  mentioned  (2). 

A  least  squares  analysis  of  variance  with  a  split-plot  arrangement  of  treatments  was  used  to  analyze 
the  data.   The  treatment  source  of  variation  was  analyzed  on  the  whole  plot,  while  the  leaf  and  date 
factorial  affects  were  analyzed  on  the  split  plot  level.   Through  a  series  of  orthogonal  comparisons, 
specific  statistical  relationships  between  L  62-96  treated  with  glyphosine  and  its  untreated  counterpart 
were  made. 

RESULTS  AND  DISCUSSION 

Differences  in  the  net  photosynthetic  rate  among  harvest  dates  and  those  associated  with  the  treatment 
by  date  interaction  were  observed  to  be  highly  significant  (>g^ =  .01).   Fig.  1  shows  how  L  62-96  treated  with 
glyphosine  and  its  untreated  counterpart  varied  with  respect  to  the  net  photosynthetic  rates  measured  when 
plotted  across  harvest  dates.   In  this  case,  glyphosine  did  appear  to  suppress  net  photosynthesis  across  the 
first  three  harvest  dates,  delaying  and  suppressing  net  photosynthetic  activity  in  this  experiment.   Treat- 
ment differences  themselves,  however,  were  not  significant.   These  data  are  in  agreement  with  evidence 
presented  by  Rostron  (6),  who  examined  the  effects  of  glyphosine  on  apparent  photosynthesis.   Rostron  did 
report,  however,  that  C0„  uptake  did  appear  to  be  limited  in  the  glyphosine  treatment.   Average  net 
photosynthetic  rates  for  both  treated  and  untreated  L  62-96  are  shown  in  Table  1.   Again,  although  not 
significant,  these  data  suggest  that  glyphosine  might  have  suppressed  average  net  photosynthetic  rates 
when  compared  to  the  untreated  rate.   Significant  differences  between  leaf  positions  were  also  not  observed. 
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Fig.  1.   Net  photosynthetic  rates  of  L  62-96  with  and  without  glyphosine  application  as  plotted  across 
harvest  date. 
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Table  1.   Yield  component  averages  over  harvest  dates  and  leaf  positions  for  L  62-96. 


Yield  component 


-2   -1 
Photosynthesis  (umole  CO.. dm  _-hr  2^ 

Dark  respiration  (umole  C0„-dm_2«hr   ) 

Specific  leaf  weight  (grams' dm   ) 


Percent  dry  weight  (%) 


Treated 

Untreated 

33.86 

30.26 

31.48 

25.27 

1.21 

1.21 

36.85 

35.11 

Dark  respiration  rates  plotted  across  harvest  dates  for  both  treated  and  untreated  L  62-96  are  shown 
in  Fig.  2.   Again,  as  in  the  case  of  net  photosynthesis,  glyphosine  appeared  to  suppress  dark  respiration 
rates  when  compared  to  its  untreated  counterpart  across  the  first  three  harvest  dates.   Both  treated  and 
untreated  L  62-96  showed  increase  dark  respiration  rates  over  the  last  two  harvest  dates.   As  in  the  case 
of  net  photosynthetic  measurements,  treatment  differences  in  dark  respiration  rates  measured  were  also 
not  observed  to  be  statistically  significant.   Again,  Table  1  indicates  that  on  the  average,  dark  respir- 
ation rates  may  have  been  suppressed  by  glyphosine  application  in  L  62-96.   Differences  in  dark  respiration 
rates  among  leaf  positions  were  also  not  statistically  significant. 
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Dark  respiration  rates  of  L  62-96  with  and  without  glyphosine  application  as  plotted  across 
harvest  dates. 
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Differences  due  to  the  leaf  position  source  of  variation  for  the  yield  component  specific  leaf 
weight  were  statistically  significant  (?£=  .01).   Specific  leaf  weight  appeared  to  increase  as  depth 
into  the  canopy  increased.   The  harvest  date  source  of  variation  was  also  observed  statistically 
significant.   Generally,  Fig.  3  shows  that  specific  leaf  weight  may  have  increased  slightly  in  both 
treated  and  untreated  L  62-96  across  harvest  dates.   As  depicted  in  Table  1,  no  effects  of  glyphosine 
application  were  observed  for  the  treatment  source  of  variation. 
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Specific  leaf  weights  of  L  62-96  with  and  without  glyphosine  application  as  plotted  across 
harvest  dates. 


Those  differences  in  percent  dry  weight  associated  with  leaf  positions  were  statistically  significant 
(>FK=  .01).   Generally,  within  both  the  treated  and  untreated  L  62-96  a  decrease  was  observed  by  leaf 
position  as  depth  into  the  canopy  increased  (Table  2) .   Differences  due  to  the  harvest  date  and  treatment 
by  date  source  of  variation  were  also  statistically  significant.   Fig.  4  shows  that  although  the  glyphosine 
treatment  did  appear  to  have  a  higher  percent  dry  weight  in  the  initial  stages  of  the  experiment,  these 
differences  seemed  to  disappear  during  the  latter  stages  of  this  study.   Average  percent  dry  weights  for 
treated  and  untreated  L  62-96  are  shown  in  Table  1.   These  data  were  not  significantly  different  but  do 
suggest  that  the  glyphosine  treatment  may  have  had  a  higher  percent  dry  weight  than  its  untreated  counterpart. 

Table  2.   Percent  dry  weight  values  as  averaged  across  harvest  dates  for  L  62-96  treated  with  glyphosine 
and  its  untreated  counterpart. 


Treatment 


+1 


+3 


Leaf  position* 


+5 


+7 


+9 


Untreated 
Treated 


36.06 
39.60 


36.65 
37.06 


35.19 
36.54 


33.81 
36.27 


33.77 
34.78 


*Significant   at    .01    level. 
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Fig.    4. 


Percent  dry  weights  of  L  62-96  with  and  without  glyphosine  application  as  plotted  across 
harvest  dates. 


While  treatment  differences  associated  with  all  four  physiological  yield  components  were  not 
statistically  significant,  differences  in  the  leaf  position  source  of  variation  for  the  variables  fPeclflc 
leaf  weight  and  percent  dry  weight  were  observed  significant  0£  =  -01).   In  the  case  of  all  variables 
Zse   deferences  associated  with  time  (the  harvest  date  source  of  variation)  were  statistically  signifi- 
cant  These  data  indicate  that  the  examination  of  ripeners  on  certain  physiological  components  of  sugar 
cane 'yield  during  the  latter  stages  of  crop  development  might  be  a  useful  tool  in  evaluating  such  compounds. 
Continued  sampling  during  this  period  could  also  aid  the  physiologist  in  determining  more  accurately  the 
effect  of  ripeners  on  the  natural  ripening  process  of  the  sugar  cane  plant. 
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ABSTRACT 

By  manipulation  of  basic  and  established  sugarcane  breeding  stocks  under  natural  and  artificial 
environments   it  was  possible  to  make  crosses  that  would  otherwise  have  been  impossible  at  Houma 
Outdoor  ra eta,  a  ^toperiod  house,  and  a  breeding  greenhouse  were  used  to  obtain  a  suitabe  environment 
ror  flowering   crossing,  and  seed  production.   Seventy-three  biparental  crosses  were  made  during  the 
1976-77  season  for  the  purpose  of  combining  the  economic  features  of  the  commercial  breeding  stocks 
111   the  hardiness  and  Lease  resistance  of  Saccharum  spontaneum  L.  ,  the  vigor  of  S.  robustum  Brandes 
and  Jesw.  ex  Grassl,  and  the  large  size  and  juiciness  of  S.  officmarum  L. 

INTRODUCTION 

The  Louisiana  sugar  industry  must  presently  rely  on  the  established  sugarcane  breeding  lines  for 
the  production  of  improved  varieties.   Progress  in  breeding  with  these  few  basic  lines  has  been  steady, 
and  should  continue  (4).   However,  hardier  varieties  with  more  complex  genetic  makeups  are  needed  to 
better  resist  attacks  by  insect  pests  and  diseases,  to  withstand  more  cold  and  drought,  to  simplify 
mechanization,  to  produce  more  and  better  stubble  crops  and  to  increase  yields  of  sugar  per  acre 
(1,  2,  3,  6,  7). 

Attainment  of  these  objectives  will  be  difficult  and  time  consuming;  however,  our  genetic  base  is 
being    Sd  and  improved  with  each  additional  regimen  of  crossing,  selection,  -d  ^-^ossing. 
introduction  of  new  genetic  factors  (genes)  from  exotic  germplasm  into  the  established  breeding  base 
is  a  long-term  process  of  planned  introgression  whereby  the  desired  features  of  the  new  g.™pl»  «  « 
Gradually  betag  combined  with  the  old  germplasm.   It  is  anticipated  that  this  process  will  lead  to  the 
nroduction  offmproved  sugarcane  varieties  for  Louisiana  and  other  mainland  U.  S.  sugar  producing  areas 
(«   This  paper  reports  the  progress  of  the  basic  breeding  program  at  the  U.  S.  Sugarcane  Field  Laboratory, 
Houma,  Louisiana,  in  1976. 

PARENTAL  MATERIAL  AND  TECHNIQUE 

In  the  fall  of  1975,  seed  cane  of  143  recommended  parental  varieties  of  sugarcane  was  collected 
from  the  nursery  of  basic  breeding  canes  and  from  agronomy  test  fields.   The  parents  chosen  comprised 
27  clones  of  "he  hardy  wild  species  Saccharum  spontaneum  L. ;  12  of  the  sweet  juicy  large  barrel  noble 
species  S.  officinarum  L. ;  24  of  the  adapted  commercial-type  interspecific  hybrids;  and  80  vigorous 
gterspefif ic  hybrids  from  new  lines,  including  hybrids  between  the  above-mentioned  Saccharum  species 
and  S.    robustum  Brandes  and  Jesw.  ex  Grassl. 

Healthy  single-bud  cuttings  of  each  parental  variety  were  planted  upright  in  flats  of  sterilized 
soil  in  the  seedling  greenhouse.   After  the  shoots  became  well  established  they  were  periodically  clipped 
back  o  promote  tillering  and  strong,  stocky  plants.   In  January  1976  when  the  plants  were   mont hs  old, 
thev  were  transplanted  to  10-gallon  galvanized  steel  cans  placed  on  the  floor  and  on  the  carts  of  the 
sugLcane-breeding  greenhouse6  The  cans  contained  a  mixture  of  40%  soil,  30%  sand  and  30%  spagnum  peat 
with  3  inches  of  course  gravel  in  the  bottom  of  each  can.   The  crowns  of  the  plants  were  se  about  3  inches 
below  soil  level  which  facilitates  the  production  of  many  tillers  from  buds  beneath  the  soil  surface. 

When  the  weather  warmed  up  in  late  March,  80  cans  planted  with  noble  canes  ™Je  J1^^^"" 
of  the  four  photoperiod  rooms.   The  160  cans  planted  with  wild  canes  and  new  F  and  BC  hybrids  ^om 
various  lines  of  S.  spontaneum,  S.  officinarum  and  S.  robustum  were  moved  to  outdoor  racks.   An  additional 
120  cans  planted  with?the  above-menliol^aligories  of  breeding  material  and  with  ^e  commercia  -type 
interspecific  hybrids  were  left  on  the  carts  of  the  sugarcane  breeding  greenhouse.   The  carts  were  moved 
in  and  out  of  the  greenhouse  as  weather  conditions  warranted. 

For  maintenance  of  an  even  growth  rate,  a  complete  liquid  fertilizer  '"^g^^^^^of 
was  applied  monthly  between  April  1  and  July  1;  each  application  per  can  approx  mated  a  per  acre  rate  of 
30  lb  of  N  15  lb  of  P  and  15  lb  K  plus  traces  of  iron,  copper,  manganese,  and  zinc.  For  control  ot  the 
'ugarcane  borer  Diatraea  saccharalis  F.,  the  plants  were  sprayed  seven  times  with  a  systemic  insecticide 


-^A  contribution  from  ARS,  USDA  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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between  April  11  and  September  9.   At  intervals  throughout  the  growing  season,  dry  leaves  and  immature 
suckers  were  removed  so  that  only  the  dominant,  most  uniform  stalks  remained.   When  the  stools  of  cane 
became  tall  enough,  they  were  tied  upright  to  tie-bars  to  prevent  the  canes  from  lodging  and  the  cans 
from  being  toppled  by  strong  winds. 

Photoperiod  treatment  of  the  noble  canes  was  started  on  July  15.   The  12  varieties  in  the  test  were 
subjected  to  a  fixed  daylength  of  12  hr  25  min  from  July  15  to  September  13  (69  days).   The  daylength  was 
adjusted  by  varying  the  sunrise  rather  than  the  sunset  time.   The  canes  were  moved  outside  into  sunlight 
precisely  at  the  specified  time  in  the  morning  and  back  into  the  photoperiod  house  at  or  after  sunset. 

The  early-flowering  parent  canes  on  the  outdoor  racks  were  exposed  to  natural  conditions.   Those  on 
the  carts  of  the  breeding  greenhouse  were  rolled  indoors  at  sunset  after  September  8  to  protect  them  from 
low  night  temperatures.   At  Houma  (29   35'N)  the  shortening  daylengths  from  September  8  (12  hr  34  min)  to 
October  15  (11  hr  28  min)  provide  the  inductive  photoperiod  range  for  the  flowering  of  sugarcane.   The 
shortening  of  the  daylength  and  the  nighttime  temperature  control  interact  favorably  to  trigger  the 
flowering  response  in  many  basic  band  commercial  breeding  stocks  at  this  location. 

Airlayering  of  the  stalks  of  parent  material  was  begun  in  September  when  the  cane  was  nearly  ready 
to  flower.   Airlayering  consisted  of  enclosing  two  nodes  of  each  stalk  in  soil  or  in  sphagnum  moss 
surrounded  by  black  polyethylene  film.   By  the  end  of  October  a  total  of  1500  stalks,  including  some 
of  each  parent  cane,  were  airlayered.   Each  week  the  airlayers  were  irrigated  by  injection  of  water 
through  the  polyethylene  film  with  a  specially  designed  nozzle.   The  airlayering  technique  permits  the 
development  of  above-ground  roots  in  the  three  or  four  weeks  just  before  crossing.   When  the  airlayered 
stalks  were  moved  into  the  greenhouse,  the  rooted  portions  were  placed  in  concrete  troughs  filled  with 
flowing  water  moved  by  a  small  electric-powered  pump;  apparently  the  biological  processes  of  the  indivi- 
dual stalks  were  virtually  unimpaired. 

All  crosses  were  made  in  the  isolation  cubicles  of  the  sugarcane  breeding  greenhouse.   First,  the 
male-fertile  tassels  of  parent  canes  were  affixed  to  tie-bars  within  the  cubicles;  male-sterile  tassels 
were  then  tied  in  place  beneath  the  male-fertile  tassels.   The  tie-bars  were  tapped  each  morning  during 
the  fertilization  period  so  that  this  vibration  would  cause  pollination. 

After  cross-pollination,  which  was  completed  in  nine  to  twelve  days  (depending  upon  varietal  differences) 
the  crosses  were  dismantled.   The  male-fertile  tassels  were  discarded,  and  large  paper  bags  were  placed 
over  the  aggregated  tassels  of  each  male-sterile  seed  parent.   About  twenty  days  after  bagging,  the 
tassels  were  removed  from  the  stalks  and  the  bags  were  hung  (upside  down)  in  a  drying  cabinet  for  three 
days  at  a  temperature  of  105  F.   After  drying,  the  "fuzz"  containing  the  true  seeds  was  stripped  from  the 
rachises  of  the  tassels.   Germination  was  tested  to  estimate  the  number  of  viable  true  seeds  per  cross. 

WEATHER  AND  FLOWERING 

Despite  the  coldest  weather  since  the  start  of  the  basic  crossing  program  at  Houma  five  years  ago, 
enough  tassels  from  desirable  new  and  old  germplasm  were  obtained  from  the  can  cultures  in  1976  to  continue 
crossing  and  recurrent  selection  in  new  genetic  lines.   During  September  the  minimum  night  temperatures 
dropped  below  the  critical  65  F  level  six  times;  temperatures  below  65  F  inhibit  floral  initiation  in 
sugarcane.   Throughout  October  and  November  the  minimum  night  temperatures  averaged  8.5  F  and  10.5  F 
lower,  respectively,  than  the  averages  for  these  months  over  the  preceding  five-year  period. 

Excellent  flowering  in  both  basic  and  commercial  breeding  stocks  was  obtained  in  can  cultures  kept 
on  the  carts  of  the  tall  sugarcane  breeding  greenhouse.   Throughout  September  and  October  the  carts  were 
rolled  indoors  at  night  and  outdoors  in  daytime.   Night  temperatures  inside  the  greenhouse  were  controlled 
at  about  70  F.   After  November  1,  when  daytime  temperatures  began  to  drop,  the  canes  were  moved  outside 
only  when  the  temperature  reached  70  F  or  higher.   This  augmentation  of  the  natural  photoperiod,  with 
artificial  control  of  temperature,  created  a  suitable  environment  for  the  induction  of  flowering  in  many 
variable  sugarcane  breeding  stocks.   Floral  initiation,  elongation,  emergence  of  tassels,  and  finally 
flowering  seemed  to  be  normal.   A  good  ratio  of  male-sterile  to  male-fertile  tassels  also  was  noted. 

Varieties  of  S.  spontaneum  and  early-generation  CFj  and  BC  )  selections  from  new  interspecific 
breeding  lines  were  placed  on  outdoor  racks  because  many  such  clones  often  flower  early  and  profusely 
despite  exposure  to  weather  that  inhibits  floral  initiation  and  flowering  in  the  more  highly  bred 
commercial  and  noble  sugarcanes.   Although  earlier  observations  of  terminal  growing  points  revealed  that 
well-defined  floral  primordia  were  present  in  all  but  a  very  few  varieties  on  outdoor  racks,  none  of  the 
15  relatively  late-flowering  _S.  spontaneum  varieties  or  the  80  F  and  BC  new-line  interspecific  hybrids 
tasseled  outdoors  during  the  abnormally  cool  fall  of  1976.   However,  in  some  of  the  hardier  selections 
inflorescences  developed  to  advanced  "boot"  stages  outdoors  and  these  tasseled  when  moved  inside  the 
greenhouse. 

Of  the  12  noble  varieties  subjected  to  fixed  photoperiod  of  12  hr  25  min  for  69  days  from  July  15 
through  September  13,  only  one,  Fiji  40,  developed  to  the  flag  stage  of  flowering  on  the  carts  of  the 
unheated  photoperiod  house.   Previous  studies  (3)  had  indicated  that  a  fixed  photoperiod  of  12  hr 
25  min  for  89  days  was  the  best  photoperiod  regime  for  flowering  of  nobles;  however,  due  to  failure  of 
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the  noble  canes  to  reach  the  desired  stage  of  growth  in  June  of  1976,  it  was  necessary  to  postpone  the 
Dhotoperiod  treatment  until  July  15.   When  moved  into  the  greenhouse,  Fiji  40  produced  healthy  tassels. 
Six  other  nobles,  including  Bambu,  NG  28-14,  NG  51-52,  NG  51-144,  NG  51-146,  and  NG  51-163,  set  floral 


interaction  between  the  late  start  of  the  photoperiod  treatment  and  the  early  onset  of  cold  weather. 

The  latter  retarded  floral  initiation  and  flowering  in  the  early-flowering  nobles  on  the  photoperiod  carts 

and  prevented  or  reversed  the  initiation  process  in  the  late-flowering  nobles  on  the  carts  of  the  unheated 


and  p 
photoperiod  rooms 


CROSSING  AND  TRUE  SEED  PRODUCTION 

Crossing  was  begun  on  October  26  and  continued  until  December  16.   Seventy-three  biparental  crosses 
(Table  1)  were  made  in  the  cubicles  of  the  tall  sugarcane  breeding  greenhouse.   Every  one  of  the  crosses 
involved  at  least  one  basic  breeding  cane  as  the  nonrecurrent  parent.   Recurrent  parents  consisted  of 
commercial-type  breeding  canes  and  the  noble  cane  Fiji  40.   The  complex  of  parent  canes,  comprising  both 
basic  and  established  breeding  lines,  included  recommended  varieties  and  special  new-line  selections  with 
high  sucrose,  large  diameter  stalks,  high  stalk  populations,  low  fiber,  juiciness,  excellence  of  type, 
vigor,  and  resistance  to  diseases,  cold,  and  borers. 


Table  1.   Individual  breeding  lines  under  development  at  Houma,  LA,  in  1976. 


New  breeding  line 


off icinarum  Fiji  40  X  _S.  spontaneum  US  56-15-2 
officinarum  Fiji  40  X  L  65-69 


S 

S 

S,    officinarum  Fiji  40  X  F 

S 
S 

F 


:1  £ 


u 


11  4 


s 

officinarum  Fiji  40  X  F  S 
officinarum  Fiji  40  X  BC,  S 
S.  spontaneum  SES  189  X 
~S.    spontaneum  SES  189  X 
,S.  spontaneum  SES  189  X 
S.  spontaneum  SES  189  X 
S.    spontaneum  SES  189  X 
_S.  spontaneum  SES  189  X 
fJ  J3.  spontaneum  SES  147  B 
F.  S^.  spontaneum  US  56-15- 
BC,  S.    spontaneum  SES  124 
BC,  S.    spontaneum  SES  189 
BC,  j3.  spontaneum  SES  147  B 
BC.  j>.  spontaneum  SES  205  A 
BC,  S^.  spontaneum  Tainan  (2n=96) 
BC:  S.    robustum  NG  57-208 
BCJ  S.  spontaneum  SES  147  B  X  F 
BC.  S 
BC.  S 


Vs. 

F   S. 
F  S. 

F   S. 
BC   S 

f/s. 

X  F   S 


spontaneum  SES  147  B 
spontaneum  SES  205  A 
spontaneum  SES  92 
spontaneum  SES  147  B 
spontaneum  SES  189 
spontaneum  SES  205  A 
spontaneum  US  59-1-1 

spontaneum  Sumatra  #2 
robustum  NG  57-208 


robustum  NG  57-208 


spontaneum  SES  147  B 

spontaneum  US  56-14-4  X 

spontaneum  US  56-15-8 
S^.  spontaneum  Gehra  Bon 

spontaneum  SES  2 

spontaneum  SES  147  A 

spontaneum  SES  147  B 

spontaneum  US  56-14-4 

spontaneum  Pasoeroean 
Ripidium  X  F,  J3.  spontaneum 
Totals 

Number  seedlings  from  germination  counts 
Grand  total 


S.  spontaneum  SES  189 


C  j>.  spontaneum  SES  147  A 


BC2 
BC2  S. 
BC2  S. 
BC2  S. 
BC2  S. 
BC3  S. 


Number  of 
crosses 


1 
1 
2 
1 
1 
2 
2 
5 
1 
1 
2 
1 
2 
1 
17 
4 
5 
1 
3 
1 
1 
3 
4 
1 
2 
1 
4 
1 
2 


73 


Estimated 

number  of 

viable 

seeds 


1196 

70 

1240 

2400 

770 

1125 

0 

14585 

0 

0 

136 

525 

8150 

0 

10690 

1760 

12044 

0 

4524 

0 

1950 

7075 

15321 

250 

1970 

1000 

11760 

671 

0 

99212 

4911 

104123 


Whenever  possible  the  combinations  were  made  with  specific  objectives  in  mind  and  with  a  carefully 
planned  choice  of  available  flowering  clones.   An  estimated  5,676  viable  true  seeds  were  produced  from 
six  crosses  of  S.  officinarum  clone  Fiji  40  with  S.  spontaneum  US  56-15-2  and  L  65-69  and  two  F  and 
one  BC.  S.  spontaneum  selections.   Over  18,000  seeds  were  produced  in  16  intra-  and  interspecific  crosses 
involving  various  F.  and  BC.  selections  from  J3.  spontaneum  and  j>.  robustum  lines.   New  F, ,  BC 
lines  of  JS.  spontaneum  were  advanced  to  the  BC^  BC2 ,  and  BC3  breeding  levels,  r 


,  and  BC2 
espectively,  in  46  crosses 
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that  yielded  in  excess  of  69,000  viable  true  seeds.   Also,  one  BC  j>.  robustum  line  (NG  57-208) 
involving  3  crosses  gave  an  estimated  4,524  viable  true  seeds.   Over  6,000  additional  viable  true  seeds 
were  produced  from  miscellaneous  exploratory  crosses.   Two  intergeneric  crosses,  Ripidium  X  j>.  spontaneum, 
were  unsuccessful;  however,  the  Ripidium  tassels  were  in  very  poor  condition  when  the  crosses  were  made. 

Harvest  of  seeds  was  completed  on  January  20,  1977.   Germination  tests  revealed  that  an  estimated 
104,123  viable  true  seeds  were  produced  from  the  73  crosses  made  during  the  1976  sugarcane  breeding  season. 
All  of  the  seed  was  turned  over  to  the  selection  phase  of  the  breeding  program. 

CONCLUSIONS 

By  manipulation  of  basic  and  established  sugarcane  breeding  stocks  under  natural  and  artificial 
environments,  it  was  possible  to  make  crosses  that  would  otherwise  have  been  impossible  at  Houma. 

One  hundred  and  forty-three  selected  parent  canes  of  widely  differing  genetic  constitution  were  made 
available  the  crossing  program  by  cooperating  scientists.   As  a  group,  these  canes  contain  the  genetic 
factors  thought  to  be  essential  for  the  breeding  and  development  of  improved  sugarcane  varieties  adapted 
to  subtropical  conditions  on  the  U.  S.  mainland. 

The  parent  canes  were  grown  until  nearly  ready  to  flower  in  can  cultures  under  three  sets  of  conditions 
designed  to  promote  and  synchronize  the  flowering  of  plants  with  different  genetic  makeup.   Difficult- 
flowering  noble  canes  were  treated  under  an  artificially-contrived  photoperiod  regimen.   Commerical 
breeding  canes  and  selected  new-line  interspecific  hybrids  were  exposed  to  natural  daylengths  plus  night 
temperature  control.   New  early-generation  j^.  spontaneum  derivatives  were  placed  on  outdoor  racks. 

Because  of  abnormally  cold  weather  after  October  1,  flowering  was  severely  inhibited  in  parent  canes 
exposed  to  the  cold  on  outdoor  racks  and  on  carts  of  the  unheated  photoperiod  rooms.   The  biological 
functions  of  floral  initiation  and  elongation  of  primordial  inflorescences  were  suspended  by  the  cold, 
but  many  parent  canes  so  affected  could  easily  have  been  induced  to  flower  if  greenhouse  space  had  been 
available.   In  contrast  to  the  poor  flowering  of  canes  on  outdoor  racks  and  photoperiod  carts,  flowering 
was  good  in  both  basic  and  conventional  parents  on  the  carts  of  the  sugarcane  breeding  greenhouse. 

Although  fewer  crosses  were  made  and  fewer  true  seeds  produced  during  1976  than  is  usual  at  this 
location,  there  were  enough  of  both  to  meet  the  seasonal  requirements  of  the  seedling  phase  of  the  basic 
breeding  program  at  Houma.   In  all,  73  biparental  crosses  were  made  with  airlayered  (live-rooted) 
flowering  stalks  of  recommended  parent  canes;  only  nine  of  these  were  unsuccessful.   The  64  successful 
crosses  resulted  in  the  production  of  more  than  100,000  viable  true  seeds,  representing  most  of  the  lines 
thought  to  be  necessary  for  upgrading  sugarcane  varieties  for  cultivation  in  a  subtropical  environment. 

REFERENCES 

1.  Dunckelman,  P.  H.   1973.   Crossing  and  development  of  basic  sugarcane  breeding  lines  to  improve 

varieties  for  U.  S.  mainland  production.   The  Sugar  Bull.  52:2:   7-8. 

2.   .   1976.   Basic  crosses  for  sugarcane  improvement  in  Louisiana.   The  Sugar  Bull.  55:4:   10-13. 

3.  .   1977.   Manipulation  of  photoperiod  for  flower  control  and  crossing  of  j>.  officinarum  L. 

Proc.  ASSCT  6(NS):   (Accepted  for  publication  May  1,  1976).  

and  R.  D.  Breaux.   1969.   Broadening  the  genetic  base  to  improve  sugarcane  for  Louisiana. 


The  Sugar  Bull.  46:2:   12-15. 

5.   .   1969.   U.S.D.A.  sugarcane  seedling  program:   selection  for  new  breeding  lines.   The  Sugar 

Bull.   47:17:   6-10. 

6.  Dunckelman,  P.  H.  and  J.  E.  Irvine.   1971.   New  sugarcane  clones  with  superior  cold  tolerance.   Proc. 

ASSCT  1(NS):   115-117. 

7.  Jackson,  R.  D.  and  P.  H.  Dunckelman.   1974.   Relative  resistance  of  Saccharum  spontaneum  forms  to  the 

sugarcane  borer.   Proc.  ISSCT  15:   513-515. 


46 


A  PROGRESS  REPORT  ON  MECHANICALLY  PLANTED  SUGARCANE  IN  FLORIDA 

B.  R.  Eiland  and  J.  E.  Clayton 

Science  and  Education  Administration 

USDA 

Belle  Glade,  Florida 

ABSTRACT 

Yields  from  three  field  experiments,  planted  over  a  2-year  interval,  were  determined  for  different 
planting  methods  in  Florida.   These  planting  methods  were:   1)   conventional  wholestalk  planting, 
2)  mechanically  harvested  seed  material  dropped  by  hand,  and  3)   mechanically  harvested  seed  material 
dropped  by  a  mechanical  planter.   Planting  rates  for  mechanically  planted  seed  were  higher  than  those 
of  other  planting  methods  when  adequate  cane  was  applied.   In  one  experiment,  yields  obtained  from 
mechanically  planted  treatments  were  similar  to  those  obtained  using  conventional  wholestalk  planting 
when  planter  skips  were  filled  by  hand  using  excess  seed  material  in  the  furrow.   The  application  of 
this  technique  with  mechanical  planting  should  provide  comparable  yields  until  mechanical  planters 
achieve  a  higher  performance  level. 

INTRODUCTION 

Considerable  interest  in  mechanical  planters  for  Florida  was  generated  in  1974  and  1975  when  about 
2  700  acres  of  cane  were  planted  with  experimental  planters.   Yields  from  these  plantings  were  inconsis- 
tent during  periods  of  high  sugar  prices  and  as  a  result,  mechanical  planters  have  not  been  used  to 
plant  significant  additional  acreage.   Poor  yields  were  attributed  to  numerous  factors  including  poor  seed 
material,  mechanical  harvester  damage  to  the  seed,  mechanical  planter  damage,  insect  infestation,  shallow 
covering,  and  delayed  covering  (1). 

During  initial  mechanical  planter  development  at  the  USDA  Sugarcane  Harvesting  Research  Unit,  we 
recognized  the  need  to  compare  yields  from  mechanical  planting  with  other  planting  methods.   Three  pre- 
liminary experiments  were  planted  over  a  2-year  interval  using  different  planting  methods  to  determine 
if  mechanically  planted  cane  could  produce  similar  yields  to  cane  planted  by  conventional  methods. 

MATERIALS  AND  METHODS 

Exp.  No.  1.   The  purpose  of  this  experiment  was  to  compare  yields  of  three  planting  methods  and 
to  evaluate  the  performance  of  a  mechanical  planter.   Cane  was  planted  on  a  cooperator's  farm  beginning 
on  March  4,  1975  and  continued  through  March  8,  1975.   Two  varieties,  CI  54-336  and  CP  56-59,  were 
planted  using  three  planting  methods:   conventional  wholestalk  planting  (CW) ,  mechanically  harvested 
seed  dropped  by  hand  (MC-HD) ,  and  mechanically  harvested  seed  planted  by  a  mechanical  planter  (MC-MP). 
Each  plot  was  20  feet  wide  (4  rows)  and  0.5  mile  long.   The  stalk  weight,  stalk  length,  trash  content, 
and  internode  length  were  determined  from  a  10-wholestalk  sample  of  seed  cane  of  each  variety.   The 
quantity  of  seed  material  used  in  the  mechanically  planted  treatments  and  the  hand-dropped  treatments 
were  weighed.   The  seedpiece  length,  number  of  eyes,  number  of  damaged  eyes,  and  the  source  of  eye 
damage  were  determined  on  30  seedpieces,  selected  randomly  from  furrows  of  each  mechanically  planted 
treatment . 

The  cane  was  hand-cut  for  yield  determinations  at  an  age  of  8-1/2  months  in  November  1975.   The 
cane  was  loaded  onto  conventional  planting  wagons  using  a  grab  loader.   Each  wagon  was  weighed  on  portable 
scales  before  entering  the  field  and  upon  leaving  the  field.   Treatment  yields  were  calculated  from  the 
cane  weights  determined  from  the  loaded  wagons.   An  adjusted  yield,  because  of  covering  delays,  was 
calculated  using  average  yield  reductions  from  covering  delays  in  other  experiments  (2). 

Exp  No.  2.   The  purpose  of  this  experiment  was  to  compare  planting  rates,  dates  of  planting  and 
yields  for  three  planting  methods.   Seed  cane,  variety  CI  59-172,  was  planted  in  late  October  and  early 
November,  1975.   A  3-acre  field  was  mechanically  planted  except  for  a  3-row  treatment  using  conventional 
wholestalk  planting  and  a  3-row  treatment  using  mechanically  harvested  seed  dropped  by  hand.   Three 
treatments  consisting  of  3  rows  each  were  selected  from  the  mechanically  planted  field.   The  three 
mechanically  planted  treatments  included  a  plot  planted  about  10  days  earlier  than  the  remainder  of  the 
field  and  two  plots  planted  at  the  same  time  as  the  conventional  planting.   As  a  result  of  using  different 


from  treatment  row  lengths.   A  random  sample  _ 
to  determine  a  theoretical  planting  rate  for  two  continuous  lines  of  cane.   Skips,  2  feet  and  longer,  lett 
by  the  mechanical  planter  were  counted  and  measured  in  16  rows  to  determine  the  percent  skips  in  the  row. 
An  insecticide  to  control  wireworms  was  applied  before  the  cane  was  covered.   Several  months  after  germir 
ation,  9  rows  were  measured  for  skips  after  emergence. 
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The  cane  was  harvested  mechanically  at  an  age  of  about  15  months  in  mid- January  1977.   Yield  per 
acre  and  yield  per  foot  of  row  were  calculated  from  the  treatment  area  and  row  length. 

Exp.  No.  3.   The  purpose  of  this  experiment  was  to  compare  yields  of  two  methods  of  mechanical 
planting  with  one  conventional  wholestalk  planting.   Approximately  1.3  acres  of  variety  CI  41-223  were 
planted  using  the  conventional  wholestalk  planting  with  an  adjacent  block  of  1.3  acres  planted  mechani- 
cally.  Two  methods  of  mechanical  planting — normal  mechanical  planting  without  planter  skips  filled  and 
mechanical  planting  with  skips  filled — were  used  in  the  mechanically  planted  block.   Every  other  row  in 
the  mechanically  planted  block  was  planted  initially.   Planter  skips  were  filled  by  field  walkers  from 
excess  seed  material  in  the  furrow.   These  rows  were  covered  and  the  remaining  rows  were  planted  mechani- 
cally without  eliminating  planter  skips.   An  insecticide  to  control  wireworms  was  applied  before  the  cane 
was  covered.   Rows  were  5  feet  apart  and  572  feet  long. 

The  cane  was  killed  by  a  freeze  when  about  9  months  old.   Individual  cane  rows  were  mechanically 
harvested  and  weighed  for  yield  determinations  when  the  cane  was  about  11  months  old. 

RESULTS 

Exp.  No.  1.   Physical  characteristics  of  the  two  varieties  used  for  seed  cane  are  shown  in  Table  1. 
The  stalks  for  both  varieties  were  about  10  feet  long  and  weighed  under  4  lb  each.   The  theoretical  plant- 
ing rate  for  each  variety  was  about  3  tons  per  acre.   A  large  difference  in  trash  content  was  found 
between  the  two  varieties.   This  difference  had  a  serious  effect  on  the  mechanical  planter  performance. 

Table  1.   Physical  characteristics  of  two  sugarcane  varieties  used  in  Exp.  No.  1. 


Variety  Variety 

CI  54-336 CP  56-59 


Avg.  stalk  length,  ft  10.9  9.2 

Avg.  stalk  weight,  lb  3.8  3.9 

Theoretical  planting  rate,  lb/A,  6070  7390 
(2  continuous  lines) 

Trash  content,  %  10.0  24.0 

Average  internode  length,  in.  5.7  3.9 

Undamaged  mechanically  planted  eyes,  %  46.0  87.0 

Undamaged  mechanically  planted  eyes  per  acre  16,900  46  600 

Avg.  mechanically-harvested  seedpiece  length,  in.  19.3  20.2 


The  average  internode  length  of  CI  54-336  was  longer  than  the  internode  length  of  CP  56-59.   More 
cane  would  be  required  for  CI  54-336  than  for  CP  56-59  to  obtain  a  similar  number  of  eyes  per  acre. 
Measurements  of  the  seedpieces  planted  by  the  mechanical  planter  revealed  that  CI  54-336  had  an  unusual 
number  of  missing  eyes.   We  observed  some  damage  to  the  seedpieces  by  birds  before  the  cane  was  cut. 
Harvester  and  planter  mechanisms  were  responsible  for  damaging  less  than  10%  of  the  eyes  in  each 
variety.   In  the  case  of  CI  54-336,  over  50%  of  the  eyes  were  missing.   The  cane  was  mechanically 
harvested  from  an  outside  row  that  was  used  by  birds  for  roosting  at  night.   Damage  on  the  inside  rows 
of  the  field  seemed  to  be  much  less.   A  large  difference  in  the  number  of  viable  eyes  planted  per  acre 
resulted  between  varieties  because  of  the  eye  damage.   The  average  length  of  the  mechanically  planted 
seedpieces  was  approximately  the  same  for  both  varieties. 

The  skips  left  by  the  mechanical  planter  and  the  hand-droppers  are  shown  in  Table  2.   The  hand- 
droppers  did  not  leave  any  skips,  2  feet  or  longer,  while  the  mechanical  planter  left  a  substantial 
amount  of  row  length  without  cane.   Variety  CP  56-59  had  about  50%  more  skips  than  CI  54-336  because 
it  was  difficult  to  meter  with  its  higher  trash  content.   Both  varieties  had  similar  average  skip  lengths. 
No  skip  measurements  were  taken  on  the  conventional  wholestalk  planting  but  skips  were  assumed  to  be  zero. 

Application  rates  of  seed  material  for  each  variety  are  shown  in  Table  3.   The  mechanically  planted 
CI  540336  had  an  application  rate  10%  higher  than  the  hand-dropped  rate.   The  mechanically  planted 
CP  56-59  had  considerably  lower  application  rate  than  the  hand-dropped  rate  because  excessive  trash  in 
the  seed  material  interf erred  with  metering.   The  excessive  trash  resulted  from  poor  cleaning  because 
a  belt  drive  failed  on  a  harvester  cleaning  device  while  harvesting  CP  56-59. 

Based  on  yields  in  Exp.  No.  1,  cane  from  conventional  wholestalk  planting  out-yielded  the  cane  from 
the  other  planting  methods  for  both  varieties.   A  number  of  problems  occurred  after  the  start  of  planting 
ranging  from  equipment  breakdowns  to  covering  delays.   An  initial  2-day  effort  ended  up  as  5  days.   The 
delay  in  covering  of  the  earlier  plantings  obviously  reduced  yields.   From  other  experiments  with  varying 
weather  conditions,  a  minimum  of  5  percent  reduction  in  yield  per  day  of  covering  delay  can  be  assumed  in 
evaluating  yields  (2,  unpublished  data).   The  yield  of  the  mechanically  planted  CI  54-336  was  similar  to 
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the  yield  of  the  hand-dropped  cane  but  was  lower  than  yield  of  the  conventional  wholestalk-planted 
cane  when  adjusted  for  covering  delays.   For  CP  56-59,  the  yield  of  the  hand-dropped  cane  was  similar 
to  the  yield  of  the  conventional  wholestalk-planted  cane.   The  yield  of  the  mechanically  planted  cane 
adjusted  for  covering  delays,  was  lower  than  the  yields  from  the  other  2  planting  methods.   Mechanically 
planted  treatments  were  not  covered  as  deeply  as  the  conventionally  planted  treatments  because  the  beds 
were  compacted  by  the  mechanical  planter  and  this  may  have  contributed  to  the  lower  yield  of  the  mechani- 
cally planted  treatments. 

Table  2.   Comparison  of  characteristics  of  the  mechanical  planter  skips  with  hand-dropped  skips. 


Plot 
jescription 


Number  of 
skips* 


Total  skip 
length 
(ft) 


Avg.  skip 

length 

(ft) 


Percent 
skips 


MC-HD 
MC-MP 
CW 


MC-HD 
MC-MP 
CW 


Variety  CI  54-336 

0  0 

360  2021 

No  measurements  -  assume  0  skips 

Variety  CP  56-59 

0  0 

532  3134 

No  measurements  -  assume  0  skips 


5.61 


5.89 


19.0 


30.0 


*Skips  were  considered  as  any  row  length,  2  feet  or  longer,  without  seed  material. 
CW  -  Conventional  Wholestalk  Planting 

MC  -  Mechanically-Cut  (seedpieces  up  to  24  inches  long) 
MP  -  Mechanically-Planted 
HD  -  Hand-Dropped 

Table  3.   Application  rates,  gross  cane  yields,  and  adjusted  cane  yields  for  covering  delays  for  three 
planting  methods  with  two  varieties. 


Plot 
description 


Application 

rate 

(lb/acre) 


Yield 
(tons/acre) 


Adjusted 

yield  for 

covering 

delays 


MC-HD 

3-day  covering  delay 

MC-MP 

4-day  covering  delay 

CW 

No  covering  delay 


MC-HD 

2-day  covering  delay 

MC-MP 

2-day  covering  delay 

CW 

No  covering  delay 


Variety  CI  54-336 
5440  20.9 

6240  20.2 

No  measurement  28.8 

Variety  CP  56-59 
7270  29.8 

4830  24.4 

No  measurement  33.3 


24.6 
25.3 
28.8 

33.1 
27.1 
33.3 


MC  -  Mechanically-Cut 

MP  -  Mechanically-Planted 

HD  -  Hand-Dropped 

CW  -  Conventional  Wholestalk  Planting 

Exp  No 2.   A  theoretical  application  rate  for  two  continuous  lines  of  cane  was  determined  from  a 
10-stalk  sample  to  be  0.97  lb  per  foot  of  row.   The  mechanical  planting  had  the  highest  application  rate 
of  1.09  pounds  of  seed  cane  per  foot  (Table  4).   Conventional  wholestalk  planting  had  the  lowest  application 
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rate  of  0.90  lb  of  seed  cane  per  foot  of  row.   The  percent  skips  in  16  rows  planted  mechanically 
averaged  6%  before  covering  which  is  approaching  an  acceptable  level.   Skip  measurements  from  9  of  the 
16  rows  taken  several  months  after  germination  showed  35%  skips  when  using  the  same  skip  criteria. 
This  difference  tends  to  override  the  planter's  performance. 


Table  4.   Application  rates  of  seed  cane  and  percent  skips  for  three  planting  methods.— 


1/ 


Planting 
method 


CW 

MC-HD 

MC-MP 
Theoretical 
Application 
Rate 


Planting 

rate 
(lb/ft) 


Percent 
skips 


0.90 
0.94 
1.09 


0.97 


6.0*/ 


Variety  CI  59-172 


1/ 

2/ 

—  Skips  totaled  35%  after  emergence 

*  Skips  assumed  to  be  zero 

MC  -  Mechanically-Cut 

MP  -  Mechanically-Planted 

HD  -  Hand-Dropped 

CW  -  Conventional  Wholestalk  Planting 


Cane  yields  of  the  five  treatments  are  shown  in  Table  5.   Yields  are  shown  by  two  methods  because 
of  the  different  row  spacing  in  the  treatments.   The  highest  yield  per  acre  was  in  the  late  October 
mechanical  planting,  and  the  highest  yield  per  unit  row  length  was  in  the  conventional  wholestalk  planting. 
The  October  planting  germinated  much  faster  and  with  subsequent  growth  had  a  much  earlier  canopy  closure 
than  the  other  treatments.   The  large  difference  in  yield  between  the  hand-dropped  cane  and  the  conventional 
wholestalk  planting  is  not  readily  understood  because  initial  stands  appeared  similar.   A  treatment  of 
the  mechanically  planted  cane  (Plot  5)  was  similar  in  yield  to  the  conventional  wholestalk  planting  and 
the  other  mechanically  planted  treatment  (Plot  4)  was  lower.   Yields  on  a  unit  row  length  basis  differed 
considerably  between  the  two  mechanically  planted  treatments  indicating  that  row  spacing  probably 
influenced  yield. 


Table  5.   Plot  description,  row  width,  plot  area,  and  yield  for  three  planting  methods  using  variety 
CI  59-172. 


Plot 
No. 


1 

2* 

3* 

4* 

5 


Plot  description 
&  planting  date 


MC-HP 

Oct.  23,  1977 

MC-HD 

Nov.  3,  1977 

CW 

Nov.  3,  1977 

MC-MP 

Nov.  3,  1977 

NC-MP 

Nov.  4,  1977 


Row 
width 
(ft) 


5.5 
6.5 
6.5 
5.5 
6.3 


Plot 
area 
(ft2) 


7788 

10013 

10369 

8943 

10640 


Yield 
(T/A) 


46.1 
34.7 
40.7 
37.2 
41.4 


Yield 
(lb/ft) 


11.65 
10.49 
12.30 
9.40 
12.05 


*Planting  rates  measured. 

MC-MP  -  Mechanically-Cut,  Machine  Planted 
MC-HD  -  Mechanically-Cut,  Hand-Dropped 
CW  -  Conventional  Wholestalk 

Exp .  No .  3 .   Stands  of  cane  obtained  from  the  mechanically  planted  rows  with  skips  filled  were  more 
uniform  than  those  where  skips  were  not  filled.   Yields  of  the  mechanically  planted  rows  with  skips 
filled  were  equal  to  those  from  conventional  wholestalk  planting  (Table  6).   Yields  from  the  mechanically 
planted  rows  without  skips  filled  were  considerably  lower  than  yields  from  the  conventional  planting  method. 
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Table  6   Individual  row  yields  (T/A)  using  variety  CI  41-223  for  conventional  wholestalk  planting, 

mechanical  planting  without  skips  filled  and  mechanical  planting  with  skips  filled  by  field 


walkers . 


Conventional 

wholestalk 

planting 


Mechanical  planting 
without  skips  filled 


Mechanical  planting 
with  skips  filled 


Avg. 


40.4 
48.7 
41.5 
42.0 
40.4 

42.6 


Avg. 


31.4 
30.1 
21.3 
22.7 
23.8 

22.5 
19.2 
28.6 
24. 9** 


Avg. 


41. 

3 

38 

5 

45 

2 

39 

7 

44 

4 

45 

8 

42 

8 

42 

5 

NS 

**Mean  is  significantly  different  from  the  mean  of  the  conventional  wholestalk  planting  using  a  t-test 

at  the  .01  level. 
NS  Mean  is  not  significantly  different  from  the  mean  of  the  wholestalk  planting  using  a  t-test. 


DISCUSSION 


Exp  No   1.   The  logistics  required  exceeded  our  experimental  capabilities  for  this  large  experiment. 
A  significant  improvement  in  the  mechanical  planter's  performance  was  necessary  before  further  testing. 
Using  the  covering  delay  effects,  yields  equal  to  conventional  wholestalk  planting  may  be  obtained  v  u  t 
mechanically  harvested  seed  dropped  by  hand  if  good  planting  practices  are  followed. 


Lth 


Exp.  No.  2. 


Yields  of  mechanically  planted  cane  were  similar  to  yields  of  conventional  wholestalk 
Unfortunately,  higher  planting  rates  with  mechanical  planting  appear  necessary  when  compared 


planting 

to  conventional  wholestalk  planting. 

Exp  no 3   Filling  in  skips  behind  mechanical  planters  is  certainly  justified  with  the  current 
performance  level  of  mechanical  planters.   It  appears  that  yields  equal  to  conventional  wholestalk 
planting  can  be  obtained  using  this  method. 

Successful  mechanical  planting  with  current  experimental  planters,  coupled  with  mechanical 
harvesting  of  the  seed  material,  requires  total  planning  from  seed  selection  to  covering.   The  varieties 
selected  for  planting  should  not  have  large  bulging  eyes  that  are  easily  damaged.   The  cane  should  be 
young  and  growing  with  viable  eyes.   The  cane  should  be  easily  cut  by  the  mechanical  harvester  without 
chokages  and  should  be  cleaned  satisfactorily  by  the  harvester.   Seedpieces  up  to  24  in.  long  should  be 
cut  with  the  harvester.   Field  walkers  should  be  used  behind  the  planter  to  fill  in  skips  by  redistributing 
cane.   The  cane  should  be  covered  the  same  day  as  dropped  with  insecticides  applied  if  necessary. 
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VARIETAL  DIFFERENCES  IN  SUGAR  LOSSES  WITH 
TWO  HARVESTING  SYSTEMS 

R.  Eiland,  J.  D.  Miller,  and  G.  J.  Gascho^ 


ABSTRACT 


Sugar  losses  in  four  sugarcane  varieties  after  harvesting  were  measured  for  two  harvesting 
systems — the  wholestalk,  hand-cut  system  and  the  mechanical  chopper-harvester  system.   Sugar  losses 
were  determined  on  cane  samples  1,  2,  and  5  days  after  harvesting.   Wholestalk  samples  did  not  have 
appreciable  sugar  losses  up  to  5  days  after  harvesting.   Sugar  loss  rates  in  the  mechanically  harvested 
samples  ranged  from  3.2%  per  day  for  variety  CP  68-1067  to  6.0%  per  day  for  variety  CP  65-357.   Sucrose, 
purity,  sugar  per  ton,  and  pH  all  decreased  in  the  mechanically  harvested  samples  as  the  time  after 
harvest  increased.   Changes  in  these  juice  characteristics  were  much  larger  for  the  mechanically  harvested 
samples  than  for  the  wholestalk  samples. 

INTRODUCTION 

The  harvesting  of  sugarcane  with  mechanical  harvesters  has  increased  from  2%  of  the  Florida  sugar- 
cane crop  to  about  30%  over  the  last  six  harvesting  seasons.   Previously,  all  sugarcane  was  hand-cut 
and  piled  on  the  ground  as  complete  stalks  pending  loading  and  transport  for  processing  into  sugar. 
Mechanically  harvested  sugarcane  is  chopped  into  short  lengths  as  it  is  harvested  and  it  begins  to 
deteriorate  much  faster  than  does  hand-cut,  wholestalk  cane  as  shown  by  Wood  (13)  and  Gascho,  Clayton 
and  Gentry  (5).   Leuconostoc  mesenteroides  is  the  primary  causal  organism  in  the  deterioration  of 
chopped  cane  (4).   Deterioration  is  considered  any  change  in  juice  composition  that  occurs  after  the 
cane  is  subjected  to  any  harvesting  operation. 

DeStefano  (3)  reported  post-harvest  losses  of  5.2%  of  the  recoverable  sugar  when  burned,  hand-cut, 
wholestalk  samples  were  stored  in  the  field  for  4  days.   Post-harvest  deterioration  in  sugarcane  was 
shown  by  Turner  (11)  and  Lingerfelt,  Ellis,  and  Arceneaux  (7)  to  be  variety  dependent.   Our  study  was 
conducted  to  compare  sugar  losses  after  harvesting  in  four  new  sugarcane  varieties  after  they  were 
harvested  by  the  wholestalk,  hand-cut  harvesting  system  or  by  the  mechanical  chopper-harvester  system. 

MATERIALS  AND  METHODS 

Four  sugarcane  varieties  (CP  63-306,  CP  63-588,  CP  65-357,  and  CP  68-1067)  were  used  in  the  experi- 
ment.  The  cane  was  first  ratoon  and  about  12  months  old.   It  was  burned  approximately  15  hours  before 
harvesting  began.   We  randomly  selected  150  stalks  of  each  variety  along  a  row,  cutting.and  topping  them 
by  hand.   Chopped  samples  of  each  variety,  containing  275  kg,  were  cut  with  a  Toft  300^  mechanical 
harvester  which  delivered  the  cane  into  citrus  tubs.   The  mechanical  harvester  did  not  top  the  cane 
stalks  uniformly  because  the  cane  was  lodged.   Wholestalk,  hand-cut  samples  were  stored  adjacent  to 
the  citrus  tubs  in  small  bundles  on  the  ground  in  the  harvested  field.   This  experiment  was  conducted 
and  analyzed  as  a  three-factor  (time  after  harvest,  harvest  method,  and  variety)  factorial  with  three 
replications. 

Samples  were  milled  with  a  hydraulically  loaded,  three-roller  mill  with  a  top  roll  pressure  of  about 
700  kg/cm  .   Unavoidably,  initial  samples  of  variety  CP  63-306  were  milled  6  hours  after  harvest  while 
initial  samples  of  the  other  varieties  were  milled  about  24  hours  after  harvest  because  of  a  harvesting 
delay.   We  measured  brix  of  the  cane  juice  with  an  automatic  ref Tactometer  and  polarity  with  an  automatic 
polarimeter.   The  percent  sucrose  of  the  juice  was  calculated  by  Schmitz '  Table  (9).   We  calculated 
theoretical  sugar  yield  of  the  samples  by  Arceneaux 's  modification  of  the  Winter-Carp-Geerlig  formula 
(2) .   Changes  in  cane  weights  because  of  dehydration  were  not  measured  and  were  not  considered  in  sugar 
yield  calculations. 

The  pol  of  three  chopped  samples  could  not  be  determined  on  day  5  because  of  severe  deterioration. 
Therefore,  missing  data  were  determined  by  using  the  mean  purity  value  for  each  treatment.   Cane  juice 
samples  were  then  frozen  and  stored  for  about  4  months  at  -12  C  or  lower.   One  week  prior  to  analysis 
of  the  stored  samples,  the  temperature  of  the  chamber  was  raised  to  -1  C.   Juice  samples  were  thawed  and 
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rapidly  brought  to  20  C  by  being  placed  in  hot  water.   Samples  were  then  analyzed  for  pH,  titratable 
acidity  (expressed  as  the  number  of  ml  of  0.1N  NaOH  required  to  raise  the  pH  of  10  ml  of  juice  to  8.4), 
and  dextran  (measured  by  the  haze  method)  (8). 

Main-effect  means  for  the  three-factor  factorial  were  calculated  for  each  juice  characteristic 
and  were  tested  for  differences  by  Duncan's  Multiple  Range  Test  (10).   Sample  changes  on  day  5  from  day  1 
mean  values  were  determined  for  samples  of  each  variety  and  harvest  system.   Mean  changes  were  tested  for 
variety  differences  by  Duncan's  Multiple  Range  Test. 

RESULTS 

The  brix,  percent  sucrose  in  the  juice,  and  theoretical  sugar  yield  did  not  change  from  day  1  to 
day  2  (Table  1).   Changes  in  purity,  pH,  and  titratable  acidity  between  day  1  and  day  2  indicated  deter- 
ioration had  already  begun.   On  day  5  all  juice  characteristics  differed  from  day  2  values.   Brix  in- 
creased an  average  of  0.25  degrees  per  day,  probably  because  of  stalk  dehydration.   Weight-loss  rates 
ranging  from  1.0  to  1.5%  per  day  have  been  reported  for  harvested  cane  (1,  7,  12).   Percent  sucrose  in 
the  juice  decreased  about  0.25  percentage  points  per  day  and  purity  decreased  about  2.47  percentage 
points  per  day.   These  losses  produced  a  sugar  yield  loss  of  3.18  kg  per  ton  of  cane  per  day,  neglecting 
losses  because  of  cane  weight  decreases  or  milling  changes. 

Table  1.   Main-effect  means  of  three-factor  factorial  analysis  for  six  characteristics  of  sugarcane  juice. 


Time  After  Harvest— 

Day  1 

Day  2 

Day  5        2/ 

Harvest  Method— 

Chopped 

Wholestalk 

Variety— 

CP  63-306 

CP  63-588 

CP  65-357 

CP  68-1067 


1/ 


Brix 
(°) 


18.93  A 
19.05  A 
19.93  B 

19.07  A 
19.53  B 

18.15  A 
19.27  C 
21.12  D 
18.67   B 


Sucrose 
(%) 


17.54  B 

17.41  B 

16.54  A 

16.43  A 

17.89  B 


15.84 
17.40 


18 
16.99 


A 

C 

43  D 


Purit> 

r 

Sugar  yield 

(%) 

(kg/t) 

93.05 

c 

125.81  B 

91.30 

B 

123.49  B 

83.19 

A 

113.10  A 

86.37 

A 

113.46  A 

91.99 

B 

128.14  B 

88.04 

A 

111.29  A 

90.34 

B 

123.97  B 

87.35 

A 

123.24  B 

91.00 

B 

124.69  B 

_EH_ 


4. 

96 

c 

4. 

63 

B 

4 

43 

A 

4 

43 

A 

4 

91 

B 

4 

88 

c 

4 

45 

A 

4 

75 

B 

4 

.62 

B 

Titratable** 
acidity 


2.18  A 
2.48  B 
3.10  C 

3.09  B 
2.08  A 

2.40  A 
2.68  AB 
2.85  B 
2.40  A 


*Within  a  column  factor,  means  followed  by  a  different  letter  are  significantly  different  at  the  0.05 

level  according  to  Duncan's  Multiple  Range  Test. 
**The  number  of  ml  of  0.1N  NaOH  required  to  increase  the  ph  of  10  ml  of  cane  juice  to  8.4. 
^■yEach  value  represents  the  average  of  24  values. 
-r-^Each  harvest  method  value  represents  the  average  of  36  values. 
—Each  variety  value  represents  the  average  of  18  values. 


All  juice  characteristics  were  affected  by  harvest  method.   Juice  quality  was  lower  for  chopped 
samples  than  for  wholestalk  samples;  this  indicated  that  deterioration  effects  were  more  pronounced  in 
the  shorter  cane  pieces  (Table  1).   The  percent  sucrose  in  the  juice  was  1.46  percentage  points  lower  in 
the  chopped  samples. 

Variation  in  juice  characteristics,  attributable  to  variety  differences,  were  evident.   Brix  and 
percent  sucrose  of  the  juice  were  highest  in  variety  CP  65-357  and  lowest  for  CP  63-306  (Table  1).   Purity 
was  higher  in  varieties  CP  63-588  and  CP  68-1067  than  in  varieties  CP  63-306  and  CP  65-357.   Theoretical 
sugar  yield  was  lower  in  CP  63-306  than  in  the  other  varieties.   Titratable  acidity  and  juice  pH  measure- 
ments were  lower  than  those  expected  in  fresh  cane  juice  but  values  appeared  relative  between  sampling 
dates  and  harvest  method.   The  pH  of  the  juice  was  highest  in  CP  65-357  than  for  CP  63-306  or  CP  68-1067. 

Extremely  high  dextran  values  were  found  in  the  juice  samples  which  had  been  frozen.   Apparently 
dextran  or  other  substances  precipitated  by  use  of  the  haze  method  of  analysis  were  formed  under  frozen 
storage  conditions  (6,  13).   Normal  freezing  of  raw  juice  samples  is  not  recommended  when  dextran  analysis 
by  the  haze  method  is  desired  at  a  later  date. 

The  juice  characteristics  of  each  harvesting  method  of  day  1  showed  that  wholestalk  cane  had  slightly 
better  juice  qualities  than  the  chopped  cane  (Table  2).   Changes  in  mean  values  of  juice  characteristics 
between  day  1  and  day  5  are  shown  in  Table  3  for  each  variety  and  harvesting  method.   Chopped  samples 
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showed  considerable  differences  among  varieties  in  all  characteristics  (Table  3).   Wholestalk  samples 
did  not  show  any  changes  among  varieties  except  in  pH.   Chopped  samples  of  variety  CP  65-357  showed  the 
highest  brix  increase  while  variety  CP  63-588  was  the  only  sample  to  show  a  brix  decrease.   Wholestalk 
samples  had  an  average  brix  increase  of  1.38  .   Percent  sucrose  of  the  juice  in  chopped  samples  of  variety 
CP  68-1067  had  the  smallest  loss  of  the  varieties  tested.   Wholestalk  samples  showed  small  changes  in 
percent  sucrose  in  the  juice  over  the  test  period.   Of  the  chopped  samples,  the  purity  drop  of  variety 
CP  68-1067  was  the  smallest  of  the  varieties  tested.   Purity  drops  for  wholestalk  samples  were  similar 
for  all  varieties  and  averaged  5.0  percentage  points  over  the  test  period.   Wholestalk  samples  did  not 
show  reductions  in  sugar  yield  over  the  test  period  while  a  considerable  loss  of  about  25  kg/t  occurred 
in  the  chopped  samples.   Chopped  samples  of  variety  CP  68-1067  had  a  sugar  loss  of  about  15.63  kg/t 
which  was  about  half  the  amount  of  loss  of  the  other  varieties.   The  sugar  loss  rate  was  3.2%  per  day 
for  variety  CP  68-1067  and  6.0%  per  day  for  variety  CP  65-357.   The  pH  of  chopped  samples  decreased  more 
between  day  1  and  day  5  than  did  that  of  the  wholestalk  samples,  thus  indicating  more  microbiological 
activity  in  the  chopped  samples.   Chopped  samples  of  variety  CP  63-306  had  the  largest  pH  decrease  and 
variety  CP  68-1067  had  the  smallest.   The  pH  drops  in  wholestalk  samples  between  day  1  and  day  5  also 
differed  with  variety  CP  63-588  having  the  smallest  pH  decrease  and  variety  CP  68-1067  having  the  largest. 
The  pH  change  appears  to  be  inversely  related  to  the  initial  juice  pH  for  each  harvest  method,  indicating 
that  lower  initial  pH  may  retard  sugar  loss  rates  by  preventing  microbiological  activity. 

Table  2.   Juice  characteristics  of  four  sugarcane  varieties  at  day  1  after  harvest  for  two  harvest  methods.* 


Variety 


Brix 
(°) 


Sucrose 
(%) 


Purity 
(%) 


Sugar  yield 
(kg/t) 


jpH_ 


CP  63-306 
CP  63-588 
CP  65-357 
CP  68-1067 


17.49 
19.20 
20.21 
18.17 


Chopped  Samples 


15.88 
17.96 
18.75 
16.74 


90.84 
93.55 
92.85 
92.17 


Wholestalk  Samples 


113.47 
130.11 
129.94 
122.87 


5.23 
4.66 
4.72 

4.42 


CP  63-306 
CP  63-588 
CP  65-357 
CP  68-1067 


18.14 
18.46 
21.00 
18.78 


16.36 
17.22 
19.47 
17.96 


93.24 
93.34 
92.74 
95.66 


116.50 
124.65 
134.89 
134.03 


5.33 
4.72 
5.20 
5.38 


*Each  value  represents  the  average  of  three  values. 


Table  3. 


Changes  in  juice  characteristics  on  day  5  from  day  1  mean  values  of  four  sugarcane  varieties 
for  two  harvest  methods.*  


Variety 


Brix 
(°) 


Sucrose 
(%) 


Purity 
(%) 


Sugar  yield 
(kg/t) 


_pJL 


CP  63-306 
CP  63-588 
CP  65-357 
CP  68-1067 

CP  63-306 
CP  63-588 
CP  65-357 
CP  68-1067 


0.81  B 

-1.77  C 

1.73  A 

0.41  B 


Chopped  Samples 


27  B 
39  B 
59  B 
33  A 


Wholestalk  Samples 
-0.30  A 
-0.54  A 
-0.47  A 
-0.19  A 


-16.42  BC 

-26.42  B 

-13.77   B 

-26.17   B 

-19.21   C 

-31.41   B 

-   9.22  A 

-15.63  A 

les 

-5.48  A 

1.41  A 

-3.50  A 

1.57  A 

-6.34  A 

-4.94  A 

-4.87  A 

-0.05  A 

-0.93  C 
-0.63  AB 
-0.73  BC 
-0.49  A 

-0.50  BC 
-0.08  A 
-0.18  AB 
-0.64  C 


*Each  value  represents  the  average  of  three  values. 

**Within  a  column,  means  followed  by  a  different  letter  are  significantly  different  at  the  0.05  level 
according  to  Duncan's  Multiple  Range  Test. 

Changes  in  titratable  acidity  values  (data  not  shown)  showed  no  variety  differences  for  either 
wholestalk  or  chopped  samples.   The  chopped  samples  had  considerably  greater  changes  in  titratable  acidity 
than  the  wholestalk  samples.   These  data  indicated  that  within  each  harvest  method,  changes  in  titratable 
acidity  may  provide  an  indicator  of  cane  juice  quality. 
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COMPARING  SUGARCANE  YIELD  DATA  FROM  TWO  GEOGRAPHIC 
AREAS  ON  LIGHT  AND  HEAVY  SOILS1 

H.  P.  Fanguy 
U.  S.  Sugar  Cane  Field  Laboratory 
Agricultural  Research  Service,  USDA 
Houma,  Louisiana 
and 
C.  A.  Richard 
Sugar  Station 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  Louisiana 
(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

Correlation  coefficients  were  calculated  on  1975  out-field  results  to  determine  the  varietal 
response  association  between  the  two  major  sugarcane-growing  areas  of  Louisiana.   Positive  correla- 
tions, significant  at  the  0.05  and  0.01  levels  of  probability,  were  found  between  varietal  yields 
from  the  Mississippi  River-Bayou  Lafourche  area  and  the  Bayou  Teche  area.   Nonsignificant  "r"  values 
were  found  for  varietal  yields  between  light  and  heavy  soils.   These  results  suggest  that,  while 
general  variety  recommendations  should  be  made  for  the  two  geographic  areas,  different  recommenda- 
tions are  required  for  light  and  heavy  soils. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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COMPARATIVE  POST-FREEZE  DETERIORATION  OF  SIX  SUGARCANE  VARIETIES 

G.  J.  Gascho 
University  of  Florida 
Agricultural  Research  and  Education  Center 
Belle  Glade,  Florida 
and 
J.  D.  Miller 
Agricultural  Research  Service,  USDA 
Canal  Point,  Florida 

ABSTRACT 

Deterioration  rates  of  six  sugarcane  varieties  were  compared  during  a  nine-week  P^lod 
following  sever  freezes  at  Belle  clade,  Florida,  January  18  to  20,  1977   Samples  of  CP  57-  03, 
CP  68-1015  CP  65-357,  CP  68-1076,  Cl  41-223  and  CP  63-588  were  harvested  each  week   The  data 
included'mea^rlnts'of  brix,  raw  Juice  PH,  acidity,  stalk  weight  and  juice  per  stalk   The  theo- 


retical yield  of  sugar  per  on  of  cane  percent  juice  sucrose,  percent  purity  and  percent  extrac- 
tion ^obtained  by  standard  calculations.   All  varieties  deteriorated  badly  over  the  nine-week 
0    The  average  loss  in  theoretical  sugar  yield  was  26  lb  of  sugar  per  ton  of  cane  per  week. 
The  rate  of  deterioration  for  the  nine-week  period,  as  guaged  by  the  data  collected  was  lowest 
for  5  65-357   Sring  the  first  five  weeks  following  the  freezes,  theoretical  yield  and  purity  were 
the  highest  for  S  63-588,  but,  during  the  final  weeks  of  the  experiment,  ju^ce  quality  was  highest 


the  highest  for  CP 
for  CP  65-357. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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INFLUENCE  OF  PREHARVEST  BURN  INTENSITY 
ON  CANE  QUALITY 

D.  G.  Holder  and  R.  P.  DeStefano 

United  States  Sugar  Corporation 

Clewiston,  FL  33A40 


ABSTRACT 


The  effect  of  cool  burning  versus  hot  burning  cane  at  harvest  was  studied  at  United  States  Sugar 
Corporation.   The  mill  juice  from  cool-burned  cane  had  higher  brix  and  sucrose  than  that  from  hot-burned 
cane.   The  percent  yield  of  sugar  was  5%  greater  in  the  cool-burned  cane  than  in  the  hot-burned  cane. 

INTRODUCTION 

It  is  important  to  minimize  losses  of  the  original  sugar  present  in  the  standing  unburned  cane  during 
the  harvesting  and  milling  process.   In  Florida  and  many  other  areas  it  is  necessary  to  burn  cane  before 
harvesting  to  remove  trash.   DeStefano  showed  that  preharvest  burning  accelerates  the  deterioration  process 
markedly  under  Florida  conditions  (1).   It  would  appear  logical  that  the  more  intense  the  burn  at  pre- 
harvest the  more  rapid  the  deterioration  rate.   In  order  to  test  this  hypothesis,  the  effect  of  burn 
intensity  was  studied  on  a  commercial  scale  under  two  sets  of  conditions. 

EXPERIMENTAL  PROCEDURE 

The  first  test  was  a  study  of  the  effects  of  burning  cane  for  harvest  in  the  early  morning  versus 
in  the  late  afternoon.   In  the  early  morning,  the  lower  ambient  temperatures  and  dew  deposits  on  the  cane 
should  lower  the  temperatures  to  which  the  stalks  are  subjected  when  cane  is  burned.   In  the  afternoon 
when  temperatures  are  higher  and  the  cane  and  trash  are  dry,  higher  temperatures  are  generated  which 
could  cause  more  damage  to  cane  stalks.   A  4.2  acre  field  of  CI  47-83,  and  easily  detrashing  variety  with 
non-clinging  leaf  sheaths,  was  divided  into  two  sections  for  the  test  in  March  1962  (2).   There  had  been 
no  frost  on  the  standing  cane.   The  afternoon  burn  was  on  day  1  at  4:30  pm  Eastern  Standard  Time  (EST) 
and  the  morning  burn  was  at  7:00  am  the  following  morning  (day  2).   Both  sections  were  hand  harvested  on 
day  2.   On  day  3  the  cane  was  loaded  with  a  continuous  loader  (stalks  are  cut  into  billets  by  the  con- 
tinuous loader),  transported  to  the  mill,  and  processed.   Five  rail  cars  of  each  treatment  were  milled 
and  the  juice  was  sampled  at  the  mill  laboratory  after  each  car.   The  data  were  analyzed  in  a  completely 
random  design. 

The  second  test  was  a  study  of  the  effects  of  hot  burning  vs  cool  burning  following  the  freezes  of 
January  1977.   The  freeze  killed  all  the  terminals,  lateral  buds,  and  foliage  in  the  test  field  of 
CI  59-1052.   The  leaves  and  trash  were  very  dry  when  the  test  was  conducted  at  four  weeks  following  the 
first  freeze.   The  field  was  divided  into  two  blocks  of  18.5  acres  each.   The  hot-burn  area  was  completely 
burned  in  5  min  from  8:00  to  8:05  am  EST  on  day  1.   The  rapid  burn  was  accomplished  by  burning  with  the 
wind  which  was  about  6  mph.   The  flames  were  30  to  40  feet  high  and  the  heat  was  intense,  with  all  the  tops 
and  all  the  leaf  sheaths  being  burned  off  the  cane.   The  area  for  cool  burn  was  burned  against  the  wind. 
The  flames  rarely  leaped  higher  than  the  cane  tops.   Most  tops  and  numerous  leaf  sheaths  remained  on  the 
stalks.   The  burn  took  four  hours,  i.e.  8:15  am  to  12:15  pm  EST  on  the  same  date  as  the  hot  burn. 

Again,  the  cane  was  harvested  and  milled  commercially.   On  day  2  all  cane  was  hand  cut  with  the 
stalks  topped  about  20  inches  from  the  terminal  due  to  deterioration  caused  by  the  freeze.   The  cane  was 
left  on  the  ground  during  day  3.   On  day  4  the  cane  was  loaded  with  a  continuous  loader  and  transported  to 
the  mill.   There  was  no  rain  between  burning  and  milling  of  the  cane.   All  cane  from  the  test  field  was 
milled  consecutively  about  80  hours  after  burning  with  that  from  the  hot  burn  area  milled  first.   Twenty- 
six  cars  were  milled  from  each  area.   The  mill  juice  was  sampled  four  times  from  each  area,  each  sample 
following  a  minimum  of  six  cars  of  cane.   The  data  were  analyzed  in  a  completely  random  design. 

Theoretical  sugar  yields  in  these  studies  were  calculated  according  to  the  formula, 

%  yield  96   sugar  =  Sx  -  By 

which  is  based  on  the  work  of  Arceneaux  (3)  and  modified  by  Bourne  (4),  where  S  is  percent  sucrose  in 
crusher  juice  and  B  is  brix  of  crusher  juice.   Sucrose  and  brix  reduction  factors  (x  and  y,  respectively) 
required  by  this  treatment  were  based  on  the  average  mill  performance  data  for  the  previous  five  years. 

RESULTS  AND  DISCUSSION 

In  the  test  of  early  morning  burn  versus  late  afternoon  burn,  the  cane  from  the  afternoon  burn  was  more 
blackened  and  scorched  than  that  from  the  morning  burn.   In  the  morning  burned  cane  the  crusher  juice  brix 
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„ro  Blcmificantlv  hiEher,  and  the  percent  yield  of  96°  sugar  averaged  0.60  points  (5.18%) 
SjhTS  le  ;  hu  "the  cane  burned  early  in  the  morning  was  of  better  quality  when  it  was  milled. 
Sere  were  1M  and  112  tons  of  cane  milled  from  the  morning  and  evening  burns,  respectively. 

Table  1.   Comparison  of  mill  juice  data  from  sugarcane  (CI  47-83)  burned  early  in  the  morning  and  late 

in  the  af  ternoon-/  . — 

Type  burn 


Early        Late  2/ 

Jasured -°rnlng afternoon Signif  icance- 


Crusher  juice  2Q>29 

?rix()m  18.30  17.54 

SucroseU)  ","  Rfi  ,2  ns 

Purity£%)  86.34  86.42 

Yield  of  96d  sugar (%)  I2-17  U-57 


Assuming  equal  production  of  40  tons  cane  per  acre,  the  morning  burned  cane  would  have  yielded  9,736 
pounds  supper  acre  in  comparison  to  9,256  pounds  sugar  per  acre  for  the  afternoon  burn  for  an  advantage 
of  480  pounds  sugar  per  acre  for  the  morning  burn. 

burned  cane.   There  were  715  and  724  tons  of  cane  from  the  cool-burned  and  hot-burned  areas,  respectively 

Table  2.   Comparison  of  mill  juice  data  from  hot-burned  and  cool-burned  sugarcane,  CI  59-1052-  ■ 

Type  burn 


mfasTred Cool Hot Significance^ 


Crusher  juice 

Br±x(  )                              16.41  15.61 

86.20  86.36 

1.60  2.10 


Sucrose (%) 
Purity (%) 

Titratable  acidity 
Yield  of  96°  sugar (%)  n-18 


ns 
** 


10.61 


^Test  conducted  in  February  1977;  mill  laboratory  results.  ......  different  respectively. 

!'**,   ns  rows  significantly  different  at  the  1%  probability  level  and  not  significantly  different,  respectively. 

Assuming  equal  production  of  40  tons  cane  per  acre,  the  cool-burned  cane  would  have  yielded  8  944  pounds 
sugar  per  acre  in  comparison  to  8,488  pounds  sugar  per  acre  for  the  hot  burn  for  an  advantage  of  456  pounds 
sugar  per  acre  for  the  cool  burned  cane. 

The  data  from  these  studies  show  that  the  hotter  burns  caused  a  serious  loss  in  cane  quality.   These 
results  .taSd  be  considered  in  the  harvesting  program,  especially  under  conditions  of  very  dry  foliage  late 
in  the  season  or  following  freezes  which  result  in  dry  foliage.   Further  study  is  needed  in  the  area  of 
varietal  response  and  in  situations  where  paraquat  is  used  as  a  dessicant  prior  to  burning. 
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VARIATIONS    OF  NON-SUCROSE   SOLIDS   IN  SUGARCANE, 


I.   POTASSIUM 


I 


(In  cooperation 


J.  E.  Irvine 

U.  S.  Sugarcane  Field  Laboratory 

Agricultural  Research  Service,  USDA 

Houma,  Louisiana 

with  the  Louisiana  Agricultural  Experiment  Station) 


ABSTRACT 
^tasslum  is  the  most  abundant  mineral^  element  in  sugarcane  Juice  j jP^f^f  J™"'™^? 


potassium  in  the  final  molasses,  where  high  levels  inhibit  the  crystal """«»  °f  ^^ 
4..4«  aM»l..  of  sugarcane  from  replicated  variety  tests  were  assayed  for  K+  by  an  ion  se 


juice  samples  of  sugarcane  from  rep 


ective 


electrode.   Despite  large  variations  within  tests,  di 


differences  in  K+  content  were  statistically 


varieties  and  nine  locations  tested.   Potassium  concentration  was  lowest 


stalks,  but  the  concentration  decreased  in  the  tops, 
the  harvest  season  progressed. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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VARIATIONS    OF  NON-SUCROSE   SOLIDS   IN  SUGARCANE 
II.      STARCH1 

J.    E.    Irvine 

U.  S.  Sugarcane  Field  Laboratory 

Agricultural  Research  Service,  USDA 

Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

Cane  carbohydrates  include  starch,  which  is  the  most  abundant  polysaccharide  in  the  juices  of 
undamaged  sugarcane.   Although  starch  content  of  sugarcane  is  too  low  for  commercial  recovery,  it  is 
of  economic  significance.   Starch  is  extracted  in  a  granular  form  by  milling  and  it  would  be  removed 
along  with  muds,  if  it  were  not  partially  solubilized  by  heat  during  clarification.   Solubilized 
starch  increases  the  viscosity  and  slows  the  crystallization  of  sucrose.   Crusher  juices  of  seven 
sugarcane  varieties  from  nine  replicated  test  fields  were  assayed  for  starch  by  a  colorimetric 
technique  based  on  anthrone.   Statistically  significant  differences  in  starch  content  among  varieties 
were  observed;  NCo  310  had  the  lowest  starch  content  and  L  61-67  the  highest.   Highly  significant 
differences  were  also  observed  among  locations,  and  the  range  of  differences  was  greater  among 
locations  than  it  was  between  varieties.   Locational  differences  may  be  caused  by  lodging,  poor 
growth  or  the  inclusion  of  portions  of  tops  in  machine-harvested  cane.   Sugarcane  tops  in  one  test 
were  much  higher  in  starch  than  the  stalks,  but  variety  differences  in  the  starch  content  of  tops 
were  not  distinct. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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SUGARCANE  SMUT  -  AN  EMINENT  THREAT  TO  THE  U.  S.  MAINLAND 

Norman  I.  James 

Staff  Scientist 

National  Program  Staff,  ARS-USDA 

Beltsville,  MD   20705 


Culmicolous  sugarcane  smut  incited  by  Ustilago  scitaminea  H.  &  P.  was  one  of  the  first  diseases 
of  sugarcane  to  be  recognized  because  of  its  conspicuous  symptoms.   The  usual  pattern  has  been  character- 
ised by  substantial  losses  in  an  industry  following  establishment  of  the  disease  in  a  new  production  area 
As  resistant  varieties  replace  susceptible  varieties,  losses  decline,  the  disease  ceases  to  be  economically 
important!  and  then  outbreaks  occur  only  if  susceptible  varieties  are  again  placed  in  commercial  production. 


DISTRIBUTION 


Suearcane  smut  was  first  discovered  in  Natal  around  1877  (1).   The  first  official  report  of  smut 
in  MaSus  was  made  in  1915,  but  the  disease  had  been  known  to  be  present  before  188 2   The  disease  was 
considered  the  chief  disease  problem  in  Southern  Rhodesia  in  1947.   Smut  was  discovered  in  Kenya  in  1958 
(7)  and  also  occurs  in  Pakistan,  the  Philippines,  India,  China,  Taiwan,  and  Java. 

The  disease  was  confined  to  the  Eastern  Hemisphere  until  it  appeared  in  Argentina  in  1940.   There 
were  apparently  erroneous  reports  of  the  disease  in  Trinidad  and  British  Guiana  (presently  Guyana)  in  the 
early  part  of  the  20th  Century.   By  1943,  many  thousands  of  acres  of  cane  were  abandoned  in  Tucuman 
Province,  Argentina,  and  the  industry  was  near  collapse.   By  1946,  however,  resistant  varieties  had 
overcome  the  crisis.   Smut  was  present  in  Paraguay  in  1944  and  in  Brazil  in  1948.   Sugarcane  smut  was  the 
only  important  disease  in  Bolivia  in  1957. 

The  disease  was  discovered  in  Hawaii  in  1971,  in  Guyana  in  1974,  in  Trinidad  in  April  1976,  and  in 
Jamaica  in  November  1976.   Sugarcane  smut  is  now  located  in  the  tropical  storm  track  about  600  miles  from 
the  Florida  cane-growing  area.   Spores  could  possibly  be  blown  into  Florida,  Louisiana  or  Texas  by  a 
tropical  storm  that  approaches  the  mainland  from  the  Caribbean  area.   It  is  also  possible  that  the  disease 
could  be  introduced  by'man.   James  (4)  has  suggested  that  it  is  more  likely  that  smut  came  toJWJ  and 
Martinique  on  trade  winds  from  West  Africa  than  from  Argentina  or  Brazil  because  of  ill-defined  wind 
currents  over  the  South  American  continent. 


SYMPTOMS 

The  characteristic  symptom  of  smut  is  a  long  whip-like  structure  that  develops  from  the  apex  of  the 
affected  stalk.   The  structure  is  pencil-like  in  diameter  and  varies  in  length  from  a  few  inches  to  a 
rew  feet  (Fig.  1).   Short  whips  are  straight  or  slightly  curved,  and  long  ones  are  usually  doubled  back 
to  give  the  whip-like  appearance.   On  emergence,  the  whip  is  covered  with  a  silver-white  membrane  that 
soon  ruptures  to  release  a  black  or  brownish  mass  of  spores.   Additional  symptoms  include  reduction  of 
stalk  size  and  modification  of  cross  sectional  shape,  sunken  nodes  and  deepening  of  the  bud-groove, 
alteration  in  size  and  shape  of  leaves  and  leaf  sheaths,  "grassy  shoot"  appearance  caused  by  production 
of  unusually  large  numbers  of  thin,  spindly  stalks,  side  shoots  or  "lalas"  that  terminate  in  a  whip, 
leaf  galls,  and  stem  cankers  (2). 

TRANSMISSION 

rind  and  come  in  contact  with  standing  cane  ( 
the  soil  surface.   Infect, on  usua  ,  ,y  occuxs  ..y  ^^   ^  "^  _^Z }^d   K!  ES!  SJ'SS!  ""row 


and  "ee    ac  w  th  he  grow^tip  U) \   Eventually,  a  whip-like  structure  is  produced  from  the  apex  of 
the  stalk.'  In  standing  cane,  infected  buds  may  give  rise  to  smutted  whips  during  the  same  season  or  the 
mycelium  may  remain  dormant  within  the  buds  until  cuttings  are  planted.   Spores  remain  viable  in  the  soil 


ECONOMIC  IMPORTANCE 

Economic  losses  have  ranged  from  negligible  proportions  to  levels  serious  enough  to  threaten  the 
existence  of  the  industry.   Losses  ranging  from  10%  to  50%  are  common  (1).   Planting  heavily  infected 
seed  cane  of  a  susceptible  variety  often  results  in  total  loss.   Losses  in  ratoon  or  stubble  crops  are 
usually  higher  than  those  occurring  in  plant  crops. 


63 


Fig.  1.   Sugarcane  stalk  showing  smut  whip  which  developed  from  the  apex  of  stalk. 

CONTROL 

The  use  of  resistant  varieties  offers  the  only  satisfactory  means  of  control.   Depending  on  the  level 
of  resistance,  other  control  measures  may  be  required  along  with  resistant  varieties.   Roguing  diseased 
shoots  or  stools,  as  soon  as  symptoms  appear,  was  reportedly  as  effective  in  some  countries.   In  Rhodesia, 
smut  whip  removal  was  determined  to  be  a  better  control  measure  than  removal  of  infected  stools  (3). 

Selecting  healthy  planting  material  is  important.   Cuttings  from  diseased  stools  are  likely  to  con- 
tain mycelia  and  give  rise  to  smutted  plants.   Cuttings  from  smutted  fields  may  be  surface  contaminated 
with  spores  and  produce  smutted  plants. 

The  long  hot-water  treatment  that  is  recommended  for  controlling  Ratoon  Stunting  Disease  will  also 
control  smut.   This  procedure  is  expensive  and  is  only  partially  effective  where  large  amounts  of  inoculum 
are  present  to  reinfect  treated  cane. 

Avoiding  the  ratooning  or  stubbling  of  infected  fields  has  been  suggested  as  a  means  of  controlling 
smut.   This  control  measure  is  not  likely  to  be  economically  feasible  unless  the  susceptible  variety 
that  is  infected  is  replaced  with  a  resistant  variety. 

Starving  smut  spores  in  the  soil  through  crop  rotation  with  a  nonsusceptible  crop  could  be  a  useful 
control  method  in  some  sugarcane  producing  areas.   This  practice  would  not  be  acceptable  where  monoculture 
with  sugarcane  is  the  standard  practice  because  of  lack  of  suitable  alternate  crops. 

RESISTANCE  OF  U.  S.  MAINLAND  VARIETIES 

During  the  1960's,  several  mainland  clones  were  tested  for  reaction. to  smut  in  India  under  a  PL  480 
Project.   Most  of  the  clones  that  were  tested  in  India  are  no  longer  of  commercial  importance,  but  breeding 
lines  established  by  crossing  to  Saccharum  spontaneum  clones  (IA  series)  were  smut  resistant  when  tested 
in  Hawaii  in  1972-76  (6). 
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After  smut  was  discovered  in  Hawaii  in  1971,  numerous  mainland  clones  were  tested  there  for  reaction 
to  the  disease.   Some  mainland  clones  were  also  tested  in  Rhodesia  and  more  recently  in  Brazil.   Informal 
arrangements  were  made  to  test  mainland  clones  in  Pakistan  and  Sri  Lanka,  but  reaction  of  varieties  in 
those  countries  is  not  yet  available. 

Available  data  on  reaction  of  current  commercial  varieties  is  presented  in  Table  1,  along  with  the 
ratine  scale  that  is  used  in  Hawaii.   Races  of  the  organism  exist  and  may  account  for  the  variation  in 
reaction  of  particular  clones  in  different  countries.   Several  methods  of  testing  are  employed,  and  this 
may  also  contribute  to  variation  in  reaction  of  clones  in  different  countries. 

Table  1.   Reaction  of  commercial  mainland  sugarcane  varieties  to  smut. __ 


Variety 


Hawaii 


CL41-223 

CL54-378 

CP52-68 

CP48-103 

CP56-59 

CP57-603 

CP57-614 

CP61-37 

CP62-374 

CP63-588 

CP65-357 

L60-25 

L62-96 

L65-69 

NCo310 


,1/ 


1/ 


Rating  scheme  in  Hawaii: 

Stools  infected  (%) 
Plant Ratoon 


Rhodesia 


4. 

'2(6)2/ 

5. 

0(6) 

2 

2(5) 

7 

7(9) 

1 

5(4) 

2 

7(6) 

0 

8(5) 

3 

.0 

5 

.7 

9.0(9) 


Location 


Brazil 


India 
VS^ 


S 
MR 


R 
MR 


Grade 


Reaction 


0  -  3 
4-6 
7  -  9 
10  -  12 
13  -  25 
26  -  35 
36  -  50 
51  -  75 
76  -100 


0-6 

7  -  12 

13  -  16 

17  -  20 

21  -  30 

31  -  40 

41  -  60 

61  -  80 

81  -100 


1/ 

1/r 


Maximum  rating  in  tests 


Resistant  or 
tolerant 

Intermediate 

Susceptible 


resistant,  MR  -  moderately  resistant,  S  -  susceptible,  VS  =  very  susceptible. 


In  Hawaii,  more  than  60%  of  all  clones  were  susceptible  to  smut  (5).   Mainland  clones  can  be  expected 
to  exhibit  a  similar  amount  of  susceptibility.   A  second  race  of  smut  was  identified  in  Hawaii  in  May  1976, 
and  it  appears  that  about  30%  of  the  clones  that  were  resistant  to  the  first  race  will  be  susceptible  to 
the  second  race. 

PLANS  FOR  TESTING  MAINLAND  CLONES  IN  JAMAICA 

A  Cooperative  Agreement  was  established  between  the  Agricultural  Research  Service  and  the  Su§ar 
Industry  Research  Institute,  Mandeville,  Jamaica,  to  test  about  600  clones  during  the  4-year  period  1977 
to  1981  (Table  2).   The  mainland  sugarcane  industry  has  provided  a  quarantine  greenhouse  in  Jamaica  for 
post-entry  quarantine.   Approximately  300  clones  were  sent  to  the  Beltsville  quarantine  facility  in 
January  1977  and  then  to  Jamaica  in  December  1977.   An  additional  quarantine  of  8  to  10  months  is  required 
in  Jamaica  before  the  clones  are  released  for  field  testing  for  reaction  to  smut   If  the  testing  program 
is  carried  out  on  schedule,  the  first  data  on  reaction  in  the  plant  crop  of  300  clones  will  be  collected 
in  the  spring  of  1979.   Data  in  the  first  ratoon  crop  will  be  collected  in  the  fall  of  1979.   Reaction  on 
the  second  series  of  300  clones  will  be  completed  in  the  fall  of  1980. 

It  is  important  to  determine  reaction  of  commercial  clones,  promising  clones  in  advanced  stages  of 
testing,  and  parental  clones  to  the  race  of  smut  in  Jamaica.   This  will  permit  industry  to  adjust  acreage 
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of  clones  in  preparation  for  entry  of  smut,  influence  release  and  expansion  of  promising  clones,  and 
allow  breeders  to  begin  incorporation  of  smut  resistance  in  variety  development  programs. 

Table  2.   Proposed  program  for  testing  U.  S.  sugarcane  clones  in  Jamaica  for  reaction  to  smut. 

Time  Period 


January  1977 


December  1977 


June-September  1978 


March  197  9 


September  1979 


March  1980 
September  1980 


Activity 

Send  300  clones  to  Beltsville  quarantine  from  Canal  Point, 
Houma,  Baton  Rouge,  and  Clewiston. 

Send  300  clones  to  Jamaica  from  Beltsville  quarantine.   Send 
additional  300  clones  to  Beltsville  quarantine  from  Canal  Point, 
Houma,  etc. 

Release  300  clones  from  Jamaica  quarantine  for  field  testing. 
Send  300  clones  to  Jamaica  from  Beltsville  quarantine.   Send  300 
clones  to  Beltsville  quarantine  from  Canal  Point,  etc. 

Collect  smut  reaction  data  on  plant  crop  of  Field  Test  1  and 
harvest  crop. 

Collect  data  on  smut  reaction  in  first  ratoon  of  Field  Test  1, 
harvest,  and  plow  out.   Release  300  clones  from  Jamaica  quaran- 
tine and  establish  Field  Test  2  (include  apparently  resistant 
clones  from  Field  Test  1).   Assess  smut  situation  and  make  decision 
about  sending  additional  clones  to  Beltsville  and  Jamaica. 

Collect  data  on  plant  crop  of  Field  Test  2  and  harvest  crop. 

Collect  data  on  first  ratoon  crop  of  Field  Test  2.   Other 
activities  would  depend  on  decision  made  in  September  1979.   If 
it  were  decided  to  continue  the  project,  Field  Test  3  would  be 
initiated  and  additional  clones  sent  to  Jamaica  and  Beltsville 
quarantine.   The  September  1977-September  1980  cycle  would  con- 
tinue as  long  as  desired. 
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PRODUCTION  DIFFERENCES  BETWEEN  PLANT  AND 
RATOON  CROPS  OF  FLORIDA  SUGARCANE 

G.  Kidder 

Agricultural  Research  and  Education  Center 

Belle  Glade,  Florida 


ABSTRACT 


Average  differences  in  production  of  sugarcane  and  96   sugar  between  plant  and  ratoon  crops  were 
calculated  from  published  research  data.   First  ratoon  sugar  per  acre  was  86.0%  of  plant  crop  sugar  per 
acre-  second  ratoon  was  78.2%  of  plant.   First  ratoon  cane  per  acre  was  80.6%  of  plant  cane  per  acre; 
second  ratoon  was  73.2%  of  plant.   When  compared  with  commercial  production  records,  the  differences 
between  crop  years  calculated  from  experimental  data  were  smaller  than  the  differences  calculated  from 
commercial  data.   Estimates  were  made  of  the  influence  of  plant,  first,  second   and  all  subsequent  ratoons 
on  the  overall  production  of  the  Florida  sugar  industry  for  the  crop  years  1968  through  1975. 

INTRODUCTION 

The  decrease  in  production  of  sugarcane  and  other  perennial  crops  during  the  years  following  planting 
has  been  the  subject  of  considerable  study.   This  subject  was  reviewed  by  Plucknett,  et  al.  (4).   In 
Florida,  the  numoer  of  sugarcane  ratoon  crops  harvested  ranges  from  0  to  10  but  presently  averages  between 
2  and  3   The  decision  to  plow  out  a  planting  of  cane  is  generally  made  when  the  tonnage  of  cane  harvested 
ner  acre  drops  below  a  level  considered  acceptable  by  the  producer.   Guidelines  for  stubble  replacement 
provided  by  Halsey  (2)  placed  emphasis  on  returns   from  sugar,  the  time  costs  of  fallowing,  and  the 
production  potential  of  each  field. 

In  Florida,  plant  cane  generally  grows  for  several  months  longer  than  ratoon  cane  and  thus  usually 
yields  higher  tonnages  of  cane  and  sugar  at  harvest.   Producers  often  make  note  of  the  Proportion  of 
their  total  acreage  in  plant  cane  when  referring  to  their  expected  production.   Recent  work  (1)  has  shown 
that  solar  radiation  and  degree  days  are  much  more  important  than  percent  acreage  m  plant  cane  "i  influ- 
encing average  annual  yields  of  the  Florida  sugarcane  industry.   Definition  of  the  rate  of  production 
decrease  would  help  avoid  problems  caused  by  exaggeration  of  the  importance  of  plant  cane. 

Objectives  of  this  study  were  to  estimate  the  rate  of  decrease  in  production  of  cane  and  sugar  in 
Florida  as  a  function  of  crop  age  (plant,  first,  and  second  ratoon  crops)  and  to  test  the  estimates  against 
commercial  production  records. 

MATERIALS  AND  METHODS 

In  this  study  the  influences  of  variety,  soil,  geographical  location,  and  basic  management  practices 
were  minimized  by  using  data  from  the  final  phase  (Stage  IV)  of  the  Florida  variety  development  program 
Stage  IV  consists  of  large  replicated  plots  of  promising  varieties  planted  in  eight  representative  locations 
of  He   sugarcane  growing'region.   Variety  CP  63-588,  presently  the  most  widely  ?roTO^»"^  "^'^^ 
M)   has  been  included  as  a  test  cane  or  as  the  check  variety  in  these  trials  since  1966  (5  to  12).   Thus, 
it  was  possible  to  obtain  data  for  the  same  variety  planted  under  similar  conditions  in  the  same  locations 
for  several  consecutive  years.   Using  all  available  data,  the  tons  of  cane  and  indicated  96  raw  sugar  per 
acre  were  compiled  for  the  eight  years  1968  through  1975  (Table  1).   Production  performance  of  the  different 
crop  ages  (plant,  first,  or  second  ratoon)  within  a  crop  year  were  compared  rather  than  comparing  the  pro- 
duction performance  of  the  successive  crops  of  the  same  planting  of  cane  over  three  years. 

Commercial  production  data,  representing  10  to  20%  of  the  Florida  sugarcane  acreage,  were  compiled 
for  the  same  eight  years.   Sugar  and  cane  produced  by  the  first  and  second  ratoon  crops  were  calculated  as 
Percentage  of  the  plant  cane  crop  in  each  year.   The  averages  of  the  eight  years  were  compared  with  the 
rates  calculated  by  simple  linear  regression  of  production  data  and  successive  crop  years. 

To  estimate  the  influence  of  crop  age  on  the  overall  sugar  production  of  the  industry,  two  assumptions 
were  made.   First,  the  average  production  of  all  ratoons  subsequent  to  the  second  was  assumed  to  have  the 
same  percentage  decrease  as  found  between  the  first  and  second  ratoons.   Second   all  acreage  in  plant  cane 
one  year  was  assumed  to  be  in  first  ratoon  cane  the  following  year  and  in  second  ratoon  in  che  third  year. 
Tne  acreage  of  cane  harvested  for  sugar  as  plant,  first,  second,  and  "all  other"  ratoons  was  calculated 
using  reported  total  acreages  (13)  and  percent  plant  cane.i/   The  contribution  of  each  age  category  of  cane 
to  the  total  production  for  each  year  was  then  calculated  using  the  acreages  noted  above  and  the  age-produc- 
tion  values  found  in  the  variety  trials  for  those  years. 


i^From  annual  Florida  sugarcane  variety  census  reports,  e.g.  (3) 
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Table  1.   Average  sugar  and  cane  per  acre  produced  by  CP  63-588  in  variety  trials  for  all  locations 
harvested.—' 


Harvest 
year 


Plant 
cane 


Sugar  per  acre 


First 
ratoon 


Second 
ratoon 


Cane  per  acre 


Plant 
cane 


First 
ratoon 


Second 
ratoon 


1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 


5.41 
5.89 
5.59 
6.34 
6.80 
7.46 
6.95 
6.92 


5.02 
6.07 
4.76 
4.70 
6.37 
5.25 
5.86 
5.82 


4.56 
5.49 
5.22 
3.96 
5.30 
4.96 
4.75 
5.47 


1/ 


56.68 
58.33 
49.48 
57.19 
60.15 
62.24 
59.75 
61.57 


46.60 
53.09 
39.96 

39.94 
55.94 
44.21 
47.35 
48.11 


41.22 
47.60 
42.86 
34.05 
48.04 
40.14 
39.38 
45.81 


Years  1968,  1969,  and  1970  as  reported  (9,  10,  11).   Weighted  averages  calculated  from  reported  data 
for  years  1971  through  1975  (5,  6,  7,  8,  12). 


Sugar  per  acre 


RESULTS  AND  DISCUSSION 


The  results  of  the  calculations  are  shown  in  Table  2.   In  the  variety  trials  first  and  second  ratoon 
cane  averaged  86.0%  and  78.2%  as  much  sugar  per  unit  area  as  plant  cane,  respectively.   This  was  somewhat 
higher  than  the  78.4%  and  72.4%  found  for  commercial  cane  and  may  reflect  fewer  production  limiting  factors 
in  the  experimental  cane  than  the  average  commercial  field.   Both  commercial  and  variety  trial  data  con- 
tained instances  where  the  first  ratoon  produced  more  sugar  per  acre  than  the  plant  crop. 


Table  2.   Sugar  per  acre  and  cane  per  acre  of  ratoon  crops  as  a  percent  of  plant  cane. 
variety  trial  and  commercial  results. 


Comparison  of 


Harvest 
year 


Sugar  per  acre 
First      Second 
ratoon     ratoon 


Cane  per  acre 


First 
ratoon 


Second 
ratoon 


Variety  trials 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 
8  year  average 


1/ 


Commercial  producers— 

A 

B 

C 
Weighted  averages 


2/ 


Differences  between  variety  trial 
and  commercial 


perc 

92.7 

84.3 

101.2 

91.6 

85.2 

93.5 

74.2 

62.5 

93.7 

77.9 

72.3 

68.3 

84.3 

68.4 

84.1 

79.1 

86.0 


79.1 
71.2 

78.4 


78.2 


74.2 
53.9 


72.4 


7.6 


Data  for  CP  63-588  in  variety  trials. 
Averages  of  1968-75. 


82.2 

72.7 

91.0 

81.6 

80.8 

86.6 

69.8 

59.5 

93.0 

80.0 

71.0 

64.5 

79.2 

65.9 

78.1 

74.4 

).6 


1.5 


73.2 


79.3 

74.5 

77.9 

58.9 

78.8 

67.4 

79.1 

70.3 

2.9 
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The  linear  regression  equation  derived  from  the  variety  trial  data  predicted  average  sugar  production 

sugar  per  acre  per  year  in  the  ratoons. 
6%  and  77.2%  of  plant 


of  6.34  tons  in  the  plant  crop  and  a  decrease  of  0.72  tons  of  96 

By  this  method  of  calculating,  first  and  second  ratoon  sugar  production  would  be  8 
cane  production,  respectively.  Good  linear  correlation  was  found  (r  -  0.71**)  and 
obtained  when  log  of  sugar  per  acre  was  correlated  with  crop  age. 


no  improvement  was 


Cane  per  acre 

Cane  tonnage  for  first  ratoon  sugarcane  in  the  variety  trials  was  found  to  be  80.6%  of  the  plant  crop. 
This  compared  very  favorably  with  the  79.1%  value  found  for  the  commercial  data  (Table  2).   Second  ratoon 
tonnage  was  73.2%  and  70.3%  of  plant  cane  tonnage  for  the  variety  trials  and  commercial  cane,  respectively. 
There  is  closer  agreement  between  the  values  found  for  experimental  and  commercial  cane  per  acre  than  there 
was  for  sugar  per  acre. 

Good  linear  correlation  (r  =  0.80*)  was  found  in  the  variety  data  and  the  equation  predicted  57.0  tons 
of  cane  per  acre  (TCA)  for  plant  cane  with  a  decrease  of  7.89  tons  each  successive  year.   Examination  of 
the  average  percentage  decreases  (Table  2)  however,  shows  that  the  greatest  loss  in  tonnage  is  between 
the  plant  and  first  ratoon  year  and  that  subsequent  decreases  are  less,  a  generally  observed  characteristic 
of  sugarcane  production.   When  the  linear  model  was  tried  on  commercial  data  which  covered  additional 
ratoons  it  was  found  that  the  linear  model  did  not  fit  as  well.   As  may  be  noted,  the  differences  between 
crops  vary  considerably  from  year  to  year  depending  on  the  many  factors  which  influence  production. 

From  the  discussion  above,  it  may  be  noted  that  the  proportion  of  plant  cane  on  a  farm  in  a  given 
year  has  a  greater  influence  on  the  total  cane  tonnage  than  it  does  on  the  total  sugar  produced  by  that 
farm.   For  those  concerned  with  the  growing  of  sugarcane  it  is  easier  to  appreciate  sugarcane  tonnage  per 
acre  than  it  is  sugar  per  acre.   Thus  it  is  understandable  why  sugarcane  tonnage  is  the  measure  of 
productivity  more  often  used  even  though  revenue  is  from  sugar  and  not  cane  per  se. 

The  estimated  amounts  of  sugar  produced  by  the  various  crops  of  sugarcane  for  the  years  1968  through 
1975  are  presented  in  Table  3.   By  the  method  used  for  calculating  the  values,  the  differences  primarily 
reflect  the  different  acreages  in  the  four  age  categories  during  the  period  studied.   Note  may  be  made 
that  more  sugar  was  produced  from  first  ratoon  cane  than  from  plant  cane  in  1969  and  1973,  years  in  which 
there  was  a  relatively  large  percentage  of  first  ratoon  cane  and  a  relatively  small  percentage  of  plant 


Table  3.   Estimated  sugar  produced  from  the  various  crops  of  sugarcane  for  the  harvest  years  1968  through 


i 

Plant 

First 

ratoon 

Second 

ratoon 

All  other 

ratoons 

Total 
1,000 

Harvest 
year— 

1,000 

%  of 

1,000 

%  of 

1,000 

%  of 

1,000 

%  of 

tons 

total 

tons 

total 

tons 

total 

tons 

total 

tons 

1968 

176 

32.4 

138 

25.4 

116 

21.4 

113 

20.8 

543 

1969 

159 

29.9 

174 

32.7 

144 

27.1 

55 

10.3 

532 

1970 

238 

36.7 

150 

23.1 

173 

26.6 

88 

13.6 

649 

1971 

235 

37.1 

179 

28.2 

119 

18.8 

101 

15.9 

634 

1972 

361 

37.7 

238 

24.8 

192 

20.0 

167 

17.5 

958 

1973 

206 

25.2 

258 

31.5 

180 

22.0 

174 

21.3 

818 

1974 

194 

24.5 

174 

21.9 

230 

29.0 

195 

24.6 

793 

1975 

403 

38.0 

196 

18.5 

186 

17.5 

276 

26.0 

1061 

—Percent  plant  cane  acreage  was  28.8 
years,  respectively. 


28.5,  34.2,  34.6,  33.7,  23.1,  23.7,  and  34.0  percent  for  the  eight 
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ABSTRACT 

Fusarium  moniliforme  and  F.  tricinctum  were  isolated  from  f reeze-damaged  stalks  of  sugarcane  cv 
L  65-69 Pathogenicity  studies  with  these  fungi  indicated  that  they  are  both  mildly  pathogenic  to  sugar- 
cane  and  that  F.  tricinctum  is  less  pathogenic  than  F.  moniliforme.   F.  moniliforme  caused  more  reddish- 
nurple  discolorltion  in  cut  whole  stalks  or  pieces  of  stalks  than  in  stalks  of  growing  cane,  and  stalks 
exposed  to  freezing  temperatures  appeared  more  susceptible  to  discoloration  by  both  fusariums  than  stalks 
not  exposed  to  these  temperatures.   This  is  the  first  report  of  the  isolation  of  F.  tricinctum  from 
sugarcane  and  of  its  pathogenicity  to  this  host. 


On  November  25,  1970,  a  light  freeze  (-3.3  C)  occurred  at  the  U.  S.  Sugarcane  Field  Laboratory, 
Houma  Louisiana.   There  was  extensive  browning  of  the  leaves  but  little  stalk  damage  (3).   On  February  10, 
1971,  temperatures  dropped  to  -4.4  C  and  remained  at  that  temperature  for  2  hr;  there  was  an  8-hr  period 
of  0  C  or  lower  temperatures. 

Although  fields  of  commercial  sugarcane  are  usually  harvested  by  the  end  of  December,  a  plot  of 
mature  cane  in  a  cold  tolerance  test  of  the  1970  crop  was  still  standing  at  the  Field  Laboratory  at  the 
time  of  the  above-mentioned  freezes.   After  the  second  freeze,  stalks  from  several  cultivars  were  split 
lengthwise  and  examined.   Internal  tissue  damage  was  variable,  and  in  cv  CP  65-350  and  L  65-69  there 
was  no  unfrozen  tissue  above  ground  (3).   There  was  extensive  reddening  of  the  internal  stalk  tissue. 
Fusarium  moniliforme  Sheld.  and  F.  tricinctum  Cda.  Sacc.  (=  F.  poae  [PkJ  Wr.)  were  isolated  from  the 
discolored  tissues  of  cv  L  65-69. 

This  paper  describes  pathogenicity  studies  with  F.  tricinctum,  a  pathogen  that  had  not  previously 
been  reported  to  affect  sugarcane,  and  compares  this  species  with  the  well-known  sugarcane  pathogen, 
F.  moniliforme. 

MATERIALS  AND  METHODS 

For  fungal  isolations,  sections  of  stalk  of  the  freeze-damaged  L  65-69  were  cut  from  plants, 
thoroughly  washed,  surface-sterilized  with  0.5%  sodium  hypochlorite  solution,  and  split  lengthwise. 
Small  pieces  of  discolored  tissue  were  removed  aseptically  from  the  node  and  internode  and  plated  on 
potato  dextrose  agar  (PDA)  and  on  oatmeal  agar  amended  with  streptomycin  sulfate  (100  ppm) . 

Two  distinct  types  of  Fusarium  grew  out  from  the  sugarcane  tissues,  and  pure  cultures  were  isolated 
from  the  two  distinct  types.   The  fungi  were  grown  on  PDA  plates  at  25  C  for  12-14  days.   Spore  sus- 
pensions  in  sterilized  distilled  water  were  prepared  for  each  fungus  by  scraping  the  agar-surface  growth 
that  had  been  covered  by  a  shallow  layer  of  water.   The  suspension  was  filtered  through  cheesecloth, 
and  sufficient  sterilized  water  was  added  so  that  a  microscopic  field  at  lOOx  (10  x  10)  magnification 
contained  ca  20  conidia. 

Before  inoculation  of  whole  stalks  or  cuttings  of  cane  from  the  1971  crop,  the  surface  of  the  stalks 

was  washed  thoroughly  and  surface-sterilized  as  described  earlier.   A  4-mm  diameter  hole  was  bored  into 

the  middle  of  the  internode  extending  to  the  central  pith  area.   The  spore  suspension  (0.1  ml)  was  placed 

in  the  hole,  and  the  inoculated  internode  was  covered  with  a  piece  of  aluminum  foil.   The  controls  were 
treated  similarly  except  that  sterilized  distilled  water  was  placed  in  the  hole. 

Some  stalks  from  the  1971  crop  were  inoculated  and  left  growing  in  the  field.   All  other  inoculated 
stalks  and  cuttings  were  wrapped  in  plastic  bags  and  incubated  at  10  C  for  6  weeks.   The  stalks  and 
cuttings  were  then  split  lengthwise  to  determine  the  extent  of  discoloration. 

The  discolorations  were  classified  according  to  the  scale  developed  for  red  rot  disease  (Glomerella 
tucumanensis  (Speg.)  von  Arx  &  Mueller)  of  sugarcane  stalks  (1).   The  classes  of  resistance,  description, 


-''a  contribution  from  ARS,  USDA  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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and  adjective  ratings  are  as  follows  (1): 

Class  Description  Adjective 

1  Slight  lateral  and  longitudinal  spread 

1+  Nearly  reaching  nodes  longitudinally,  Resistant 

but  slight  lateral  spread. 

2  Longitudinal  spread  extending  nearly  to 
nodes  and  lateral  spread  occupying  half 

or  more  of  inoculated  internode.  Moderately 

2+  Longitudinal  spread  entering  nodes;  resistant 

lateral  spread  as  in  2. 

3  Longitudinal  spread  beyond  inoculated 

internode  into  adjoining  ones,  with 
lateral  spread  filling  or  nearly  filling 

inoculated  internode.  Susceptible 

3+  Longitudinal  spread  nearly  to  second 

node  from  point  of  inoculation. 

4  Longitudinal  spread  through  two  or  more 

nodes  on  either  side,  extensive  lateral  Very 

spread.  susceptible 

4+  Longitudinal  spread  through  entire  stalk; 

extensive  lateral  spread,  but  nodes  not 
showing  natural  infection. 

Re-isolations  of  the  fungi  were  made  from  tissue  pieces  taken  from  discolored  areas  of  the  nodes 
and  internodes. 

Two  types  of  experiments  were  conducted  to  determine  pathogenicity  of  the  Fusarium  isolates  to 
different  sugarcane  cultivars. 

Experiment  1.   Twenty  three-node  cuttings  and  eight  mature  stalks  growing  in  the  field  of  L  60-25, 
L  62-96,  L  65-69,  CP  52-68  and  CP  61-37  were  each  inoculated  separately  with  F.  moniliforme  and  F. 
tricinctum  on  September  29,  1971.   Cuttings  were  inoculated  in  an  internode  between  two  nodes,  and 
stalks  were  inoculated  in  the  internode  below  the  node  to  which  the  seventh  youngest  leaf  was  attached. 

At  the  end  of  the  incubation  period,  five  to  nine  cuttings  of  L  62-96,  L  65-69,  and  CP  52-68  from 
the  different  treatments  were  planted  in  flats  of  steam-sterilized  vermiculite.  The  flats  were  placed 
on  a  greenhouse  bench,  and  germination  counts  were  made  4  weeks  later. 

Experiment  2.   Ninety  stalks  of  field-grown  L  65-69  from  the  1971  crop  were  harvested  on  December  22, 
1971.   These  stalks  had  not  been  exposed  to  freezing  temperatures  in  the  field.   These  were  assigned 
at  random  to  nine  10-stalk  bundles,  and  these  bundles  were  divided  into  three  groups  of  three  bundles 
each.   One  group  was  frozen  at  -5.6  C  for  2  hours  in  a  temperature-controlled  chamber;  the  second  group 
was  frozen  at  -5.6  C  for  4  hours,  and  the  third  group  was  not  frozen.   One  bundle  from  each  group  was 
then  inoculated  with  F.  moniliforme,  one  with  F.  tricinctum,  and  one  was  inoculated  with  water  only. 
Inoculation  of  each  stalk  was  in  the  fourth  and  eighth  internodes  from  the  base  of  the  stalk.   All 
bundles  were  stored  at  10  C  for  3  weeks  and  then  were  exposed  to  18-26  C  for  3  days  before  an  additional 
3-day  incubation  at  10  C.   Three  days  later,  the  stalks  were  split  lengthwise  and  examined. 

RESULTS  AND  DISCUSSION 

The  Fusarium  isolates  were  sent  to  Dr.  William  C.  Snyder,  University  of  California,  Berkeley,  for 
species  identification.   One  was  identified  as  Fusarium  moniliforme,  which  causes  Fusarium  sett  or  stem 
rot  in  sugarcane  (2).   The  other  was  identified  as  F.  tricinctum,  the  causal  organism  of  diseases  of 
several  members  of  the  Gramineae,  but  not  of  Saccharum  (4) . 

■  Results  of  experiment  1  (Table  1)  indicate  that  when  cuttings  were  inoculated,  F.  moniliforme 
caused  more  extensive  reddish-purple  discoloration  than  F.  tricinctum  (Fig.  1)  in  all  of  the  sugarcane 
cultivars,  with  the  exception  of  L  60-25.   In  the  case  of  L  60-25,  discoloration  by  both  fungi  was 
similarly  mild.   In  the  other  cultivars,  discoloration  by  F.  moniliforme  extended  beyond  the  nodes  of 
the  inoculated  internode.   When  growing  stalks  were  inoculated,  both  fungi  produced  mild  discoloration 
in  all  cultivars,  and  the  discoloration  was  confined  to  the  inoculated  internode. 

There  was  no  adverse  affect  on  germination  of  L  65-69  and  CP  52-68  by  either  fungus,  but  F. 
moniliforme  reduced  germination  of  L  62-96  by  36%  of  that  of  the  control;  F.  tricinctum  reduce!  germina- 
tion of  L  62-96  by  14%. 

Results  of  the  experiment  with  artificial  freezes  indicated  that  stalks  inoculated  with  both 
fusariums  after  a  4-hour,  -5.6  C  treatment  were  discolored  slightly  more  than  those  inoculated  after  a 
2-hour,  -5.6  C  treatment,  or  those  which  were  unfrozen  but  inoculated  (Table  2). 
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Table  1.   Summary  of  symptom  ratings  in  cuttings  and  stalks  of  sugarcane  cultivars  inoculated  with 
Fusarium  moniliforme  and  F.  tricinctum. 


Cultivar 


.   a/ 
Average  symptom  rating— 

Cuttings  at  IOC Stalks  in  field 


F.  moniliforme   F.  tricinctum 


F.  moniliforme   F.  tricinctum 


L  60-25 
L  62-96 
L  65-69 
CP  52-68 
CP  61-37 


7& 

2+ 

3 

2 

3 

2 

3 

2 

3 

2+ 

2+ 

2+ 

2 

2 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 

Controls  had  1,1+=  resistant  ratin 


-'l,  1+  =  resistant;  2,  2+  =  moderately  resistant;  3,  3+  =  susceptible;  4,  4+  =  very  susceptible. 


Fig.  1.   Stalk  symptoms  produced  on  sugarcane  cv  L  65-69  by  inoculation  with  Fusarium  moniliforme 

(center)  and  F.  tricinctum  (right).   Control  on  left  was  inoculated  with  sterilized  water  only. 

In  the  unfrozen  stalks,  inoculation  with  the  fusarium  resulted  in  only  slightly  more  discoloration 
than  in  the  uninoculated  controls. 

In  both  experiments,  the  respective  Fusarium  was  reisolated  from  the  discolored  nodal  or  internodal 
tissues  of  the  inoculated  stalks  or  seedpieces.  F.  moniliforme  and  F.  tricinctum  were  not  isolated  from 
tissues  of  the  controls. 
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Table  2.   Summary  of  symptom  ratings  of  sugarcane  cv  L  65-69  stalks  exposed  to  artificial  freeze 
treatment  and  inoculated  with  Fusarium  moniliforme  and  F.  tricinctum. 


Inoculated 


Average  symptom  rating  in  stalks 

Frozen  (-5.6C) 
Not  frozen 2  hr      4  hr 


Water  control 
F_.  moniliforme 
F.  tricinctum 


1 
2 
1+ 


1+ 

2+ 
2 


a/ 

—  1,  1+  =  resistant;  2,  2+  =  moderately  resistant;  3,3+  =  susceptible;  4,  4+  =  very  susceptible. 

Results  indicate  that  both  Fusarium  moniliforme  and  ]?.  tricinctum  isolates  used  in  these  experiments 
are  mildly  pathogenic  to  sugarcane;  _F.  tricinctum  was  less  pathogenic  than  J_.  moniliforme.   F.  moniliforme 
has  been  reported  to  cause  severe  rotting  of  sugarcane  stalks  and  seedpieces,  and  marked  reduction  in 
germination  of  shoots  from  planted  seedpieces  (2).   It  is  possible  that  the  isolates  of  F.  moniliforme 
used  in  the  experiments  reported  here  are  those  of  a  mild  strain.   It  is  also  possible  that  the  sugarcane 
cultivars  used  have  relatively  high  resistance  to  Fusarium  stalk  and  sett  rot. 

This  is  the  first  report  of  the  isolation  of  F.  tricinctum  from  sugarcane  and  of  its  pathogenicity 
to  this  host. 
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ABSTRACT 

Depredations  by  rats  (Sigmodon  hispidus,  Rattus  rattus,  and  Neofiber  alleni)  on  Florida  sugarcane 
were  assessed  during  the  1974-75  harvest  season.   Stalks  totalling  68,925  from  41  fields  were  examined 
for  rat  damage.   Incidence  of  damaged  stalks  ranged  from  4.5  to  38.6%  per  field,  with  a  mean  of  14. 
Mean  damage  in  field  centers  was  greater  than  that  in  field  edges  and  middle  ditch  borders.   Sample 
jize  for  future  field  testing  of  candidate  rodenticides  in  Florida  sugarcane  was  determined:   , n  ,,. 


0%. 


in  order  to 


approximately  $95.00/acre  in  one  grower /processor ' s  crop  (based  on  the  1970-75  mean  price  for  raw  sugar: 
$0.146/lb). 


INTRODUCTION 

In  1974,  the  U.  S.  Fish  and  Wildlife  Service  began  several  studies  on  rats  and  their  damage  to  sugar- 
cane in  Florida.   The  purpose  of  these  studies  is  to  obtain  data  for  designing  future  field  tests  to 
evaluate  rodent  control  methods.   The  study  reported  here  was  an  assessment  of  rat  damage  during  the 
1974-75  harvest.   This  study  was  supported  in  part  by  the  Florida  Sugar  Cane  League. 

The  major  objectives  of  the  harvest  damage  assessment  were  to  estimate  rat  damage  distribution  within 
fields,  variances  between  whole  field  units  and  half  field  units  within  whole  fields,  and  sample  size 
requirements  for  testing  efficacy  of  candidate  rodenticides  in  Florida  sugarcane.   Although  the  study 
was  not  designed  to  obtain  an  accurate  estimate  of  rat  damage  in  the  area  samples,  significant  correlation 
between  rat  damage  and  tons  of  cane  harvested  per  acre  was  found  for  sample  fields  in  several  adjacent 
plantations.   Therefore,  a  crude  estimate  of  economic  loss  was  made,  based  on  a  linear  regression  of 
tonnage  on  percentage  stalks  damaged. 

METHODS 

Damage  was  assessed  in  40  hand-harvested  fields  owned  by  the  U.  S.  Sugar  Corporation.   The  distribution 
of  sample  fields  (Fig.  1)  was  determined  primarily  by  the  harvesting  schedule  during  the  study  period 
(January-March  1975).   The  highest  concentration  of  sample  fields  was  in  three  plantations:  Wetherald, 
Miami  Locks,  and  South  Shore.   An  additional  hand-harvested  field,  owned  by  Okeelanta  Division  of  Gulf  and 
Western  Foods,  was  also  assessed.   This  field  was  located  approximately  four  miles  south  of  the  southeastern 
corner  of  South  Shore  plantation. 

Fields  were  stratified  to  proportionally  sample  three  areas  of  each  half  field  (the  edge,  middle,  and 
middle  ditch;  Fig.  2)  to  determine  if  damage  is  equally  distributed  throughout  fields,  or  if  it  tends  to 
be  heavier  in  particular  areas.   One  sample  was  randomly  selected  per  pile  row  in  Strata  II,  III,  and  the 
long  portion  of  I.   Three  additional  samples  were  selected  from  the  short  portions  of  Stratum  I  on  each 
half  field.   Sampled  fields  averaged  about  36  acres.   The  number  of  pile  rows  per  whole  field  varied  from 
52  to  64,  with  a  mean  of  60.   The  number  of  samples  assigned  to  Strata  I  and  III  per  field  (20  and  14 
respectively)  was  fixed,  so  that  variation  in  number  of  pile  rows  was  absorbed  by  Stratum  II.   Mean  damage 
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determinations  for  strata  were  weighted  to  calculate  field  means.   Weighting  factors  were  calculated 
for  each  half  field  from  the  products  of  strata  lengths  and  pile  rows  per  stratum.   For  example,  if  a 
half  field  contained  17  pile  rows  in  Stratum  II,  weighting  factors  would  be  calculated  as  follows: 


Stratum 

I 

II 

III 


7(1200)  +  17(300)  =  13,500 
17(900)  =  15,300 

7(1200)  =   8,400 


Weighting  factor 

.3629 
.4113 
.2258 


Fig.  1.   Letters  represent  U.S.  Sugar  Corporation  plantations.   Dots 
represent  fields  assessed  for  rat  damage. 


A. 
B. 
C. 
D. 


Townsite 

Ritta 

Mott 

Miami  Locks 


E.  South  Shore 

F.  Wetherald 

G.  Runyon 
H.  Prewitt 


Scale:   1/4  inch  =  1  mile 


Fig.  1. 

Twenty-five  stalks  were  selected  for  each  sample  and  examined  for  rat  damage.   Care  was  taken  to 
avoid  looking  at  the  stalks  while  pulling  them  from  the  pile  row.   The  number  of  internodes  damaged,  if 
any,  was  recorded  for  each  stalk  examined. 

RESULTS 

A  total  of  68,925  stalks  was  examined.   Rat  damage,  expressed  in  mean  percentage  of  examined  stalks 
damaged  per  field,  ranged  from  4.5  to  38.6  and  averaged  14.0%  +  2.38  (S.E.(1.96)  ).   Internodes  damaged 
per  sample  ranged  between  field  means  of  2.4  and  42.7,  with  an  overall  mean  of  9.1  +  2.47. 

Percentages  of  stalks  damaged  per  stratum  in  the  40  U.  S.  Sugar  Corporation  fields  are  shown  in  Table  1. 
A  multiple  comparison  of  strata  means  using  Bonferroni's  Inequality  (Feller  1968)  showed  all  strata  means 
to  differ  significantly  from  each  other  (P^.0.01).   Thus  the  greatest  percentage  of  stalk  damage  was  found 
in  Stratum  II,  the  field  center,  and  the  lowest  was  found  in  Stratum  I,  the  field  edge.   Although  these 
differences  between  strata  are  significant,  they  are  not  large.   The  important  finding  is  that  rats  are 
at  least  as  active  in  the  field  centers  as  in  the  edges. 

Samol  (1972)  reported  that  greatest  rat  damage  occurred  20-40  feet  from  field  edges.   He  sampled  more 
fields  in  his  study  (94  twenty-acre  fields),  but  had  fewer  samples  per  field  (10).   Stalks  per  sample  were 
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the  same  as  in  the  present  study  (25).  Samol  used  the  same  pattern  of  sampling  in  each  field,  whereas 
in  the  present  study,  half  field  units  were  stratified  and  one  or  two  random  samples  were  selected  per 
pile  row. 


150' 
V 

15-21 

2228 

Pile  rows 

1-7 

29-46 

47-64 

8-14 

Strata 

1 

II 

III 

III 

II 

1 

150/J 

1 

Fig.  2.   Field  layout  for  harvest  damage  assessment. 


Table  1.   Damage  in  strata  of  40  fields,  2  halves  per  field. 
Stratum  Mean  %  stalks  damaged 


I 

II 

III 


13.3 

14.7 
13.8 


Mean  No.  internodes 
damaged  per  sample  point 


9.8 
9.1 


Mean  number  of  internodes  damaged  per  sample  point  did  not  differ  significantly  between  field  strata. 
Variation  in  numbers  of  internodes  damaged  between  samples  was  greater  than  variation  in  percent  stalks 
damaged. 

Variation  components  were  estimated  according  to  a  nested  design  model, 


ij 


u  +  <*.  +  B.  . 


ij 


where: 


Y   =  total  damage  at  jth  half  of  the  ith  field 

u   =  mean  damage  2. 

i.   =  random  effect  due  to  field  i  which  is  normally  distributed  about  a  zero  mean  with  variance  (Jrf 
Mj  =  random  effect  due  to  half  field  j  within  field  i  which  is  normally  distributed  about  a  zero 


mean  with  variance  <T. 


? 


Estimates  of  these  parameters,  based  on  the  fractions  of  stalks  damaged  in  40  fields  are: 
yt   =    0.140 


0.00539 
0.00162 
If  half  fields  are  randomly  picked  to  estimate  u,  tjem  tje  variation  among  half  fields  is  estimated  as 


a2 


Var    (Y.  .)    =  3^  +  dj?  =  0.00539  +  0.00162  =   0.00701 
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_If  fields  are  chosen  to  estimate  p    in  half  fields,  then  the  estimate  is 


Yi  =  *<*U 


+  Y ..),  and  the  variance  among  fields  is  estimated  as 


.00539  +  4(0. 00162)  =  0.00620 


The  variability  of  damage  between  halves  of  the  same  field  is  relatively  small,  therefore  it  appears 
reasonable  to  utilize  half  fields  instead  of  whole  fields  in  rodenticide  field  tests. 

Sample  sizes  (i.e.,  number  of  treatment  and  control  fields)  for  a  field  test  were  calculated  by  the 
method  of  Sokal  and  Rohlf  (1969);  results  appear  in  Table  2.   For  a  specified  significance  level,  if 
sample  size  is  reduced,  the  probability  of  detecting  damage  reduction  is  reduced.   A  50%  damage  reduction 
was  selected  as  efficacious;  a  greater  reduction  could  be  detected  with  fewer  sample  fields  at  a  given 
significance  level.   Utilization  of  sample  size  data  (e.g.  Table  2)  enables  those  conducting  a  field  test 
to  predict  the  reliability  of  results  in  accordance  with  field  test  magnitude,  which  is  frequently  limited 
by  economic  constraints. 


Table  2.   Approximate  numbers  of  treatment  half  fields  required  to  detect  a  50%  damage  reduction  in  a 
rodenticide  field  test.   Equal  number  of  control  half  fields  must  be  utilized. 


Significance  level 


Number  of  half  fields 


.01 
.05 
.10 


46 

38 

29 

24 

16 

31 

25 

18 

14 

10 

25 

19 

13 

10 

6 

Power* 


,95 


,90 


.80 


.70 


.50 


*Probability  of  detecting  a  50%  damage  reduction  due  to  treatment. 

For  all  41  fields,  rat  damage  was  not  significantly  correlated  with  any  of  the  production  parameters 
tested:   tons  of  cane  per  acre,  sugar  yield,  field  age,  date  of  harvest,  or  juice  quality  (brix  or  pol) 
(P>.10).   However,  since  the  majority  of  the  sample  fields  (28)  came  from  three  adjacent  plantations, 
data  from  these  fields  were  subjected  to  a  separate  correlation  analysis.   The  results  of  this  analysis 
(Table  3)  indicated  that  only  tons  of  cane  per  acre  was  significantly  (negatively)  correlated  with  rat 
damage  (fitted  equation  for  this  relationship  is  given  in  Fig.  3). 

Table  3.   Correlation  of  production  parameters  with  percentage  stalks  damaged  for  28  fields  assessed  in 
Wetherald,  Miami  Locks,  and  South  Shore  plantations. 

Parameter  r*        P 


Tons  cane  harvested  per  acre 

Brix 

Pol 

Percent  sugar  yield 

Field  age  (ratoon) 

Harvest  date 


-.581 

<.01 

.312 

NS 

.269 

NS 

.264 

NS 

.218 

NS 

.078 

NS 

*Linear  correlation  coefficient 
Jt  =  3.64 
NS  =  non-significant;  P>.10 

Tonnage  is  also  expected  to  decrease  with  age,  primarily  from  planting  through  harvest  of  the  first 
ratoon  crop.   Samol  (1972)  found  that  rat  damage  to  Florida  sugarcane  increased  from  plant  cane  to  second 
ratoon,  but  not  from  second  to  fourth  ratoon.   No  plant  cane  fields  and  two  first  ratoon  fields  were  repre- 
sented by  the  28  fields  used  in  the  correlation  analysis;  mean  field  age  was  third  ratoon.   A  significant 
correlation  between  field  age  and  tonnage  was  found  in  this  study  (r  =  -0.443,  t  =  2.52;  P<d0.02).   The 
significant  correlation  between  damage  and  tonnage,  and  the  lack  of  correlation  between  damage  and  field 
age  indicate  that  rat  damage  and  ratoon  may  both  influence  tonnage,  but  that  damage  is  not  necessarily 
greater  in  older  fields. 

Twenty-three  of  the  41  fields  assessed  were  variety  CI  41-223.   No  other  variety  was  represented  by 
more  than  five  sample  fields.   A  comparison  of  mean  fraction  of  stalk  damage  of  CI  41-223  versus  the  mean 
of  all  other  varieties  combined  was  non-significant  (t  =  0.927).   Mean  damage  and  tonnage  of  the  assessed 
fields  is  summarized  by  variety  in  Table  4. 


78 


Tons  Cane 
per  Acre 


r= -0.581 


2         6         10        14        18       22       26       30       34 

%  Damage 


Fig.  3.   Tons  of  cane  per  acre  and  percent  stalks  damaged  with  equation  Y  =  41.26  -  43.17  X  fitted  by 
linear  regression. 


Table  4.  Mean  field  damage  and  tons  of  cane  harvested  per  acre  by  sugarcane  variety. 


Variety 


CI  41-223 
CI  54-336 
CI  54-378 
CI  59-2 
CI  49-200 
CI  54-312 
CI  59-1167 
CP  62-374 


23 
5 

5 
2 
2 
2 

1 
1 


%  stalks  damaged 
X  (S.D.) 


15.0  (9.31) 

11.8  (4.93) 
9.7  (2.22) 

19.4  (3.26) 

13.9  (0.49) 
10.6  (4.16) 
24.9 

9.1 


Mean  tons/acre 
X  (S.D.) 


32.1 
28.9 
41.4 


(7.10) 
(9.76) 
(6.66) 
29.0  (0.48) 
39.9  (0.71) 
28.2  (8.36) 
31.4 
42.6 


The  fitted  regression  equation  given  in  Fig.  3  predicts  a  mean  tonnage  value  (Y)  of  41.26  if  per- 
centage stalks  damaged  (X)  equals  0.   This  extrapolation  suggests  that  41.26-35^24  (Y  intercept  -  mean 
tonnage),  or  6.02  tons/acre  were  lost  as  a  result  of  rat  damage  in  Wetherald,  Miami  Locks,  and  South 
Shore  plantations.   However,  the  relationship  of  tonnage  with  damage  is  confounded  with  the  relationship 
of  tonnage  with  many  other  variables,  such  as  field  age,  cane  variety,  soil,  weather,  disease,  insect 
damage,  and  possibly  stalk  density.   If  high  tonnage  producing  fields  consistently  had  more  stalks  than 
low  tonnage  fields,  the  estimate  of  tonnage  loss  due  to  rat  damage  could  be  inflated.   However,  within 
a  given  cultivation  area,  cane  variety  is  an  important  determinant  of  the  number  of  stalks  per  acre 
(Le  Grand  1972).   Of  the  28  fields  assessed  in  Wetherald,  Miami  Locks,  and  South  Shore  plantations,  13 
were  variety  CI  41-223.   Within  this  variety,  the  tonnage/rat  damage  relationship  was  more  homogeneous 
(r  =  -0.722;  t  =  3.461;  P<0.01). 

Because  age  and  other  factors  may  have  influenced  tonnage  to  an  unknown  extent,  the  estimated  loss 
caused  by  rat  damage  was  reduced  from  6.02  tons/acre  to  3.00  tons/acre  in  order  to  make  a  relatively  con- 
servative estimate  of  economic  loss  (Table  5).   Even  within  a  single  grower's  acreage,  tons  per  acre  and 
sugar  yield  can  vary  considerably,  therefore  extrapolation  of  loss  estimate  data  from  fields  assessed  in 
this  study  to  fields  of  other  growers  might  not  be  justified. 
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Table  5.   Estimated  economic  loss  caused  by  rat  damage  in  a  Florida  sugar  company. 
based  on  an  estimated  loss  of  3  tons/acre  as  a  result  of  rat  damage. 


Calculations  are 


Wetherald,  Miami  Locks, 
South  Shore  Plantations 


All  plantations 


Acres 

Loss  in  tons  cane 

Loss  in  pounds  raw  sugar 


Raw  sugar  price* 
Dollar  loss 


@  1975  price 
$1,929,136. 


1975 
,225/lb 


12,535 
37,605 
8,573,940 
@  11.4%  yield 

1970-75  mean 
.146/lb 
1970-75  mean 


65,268 
195,804 
42,293,664 
@  10.8%  yield 


$1,251,795. 


01975  price 
$9,516,074. 


g  1970-75  mean 
$6,174,  875. 


*From  Lamborn  Sugar  Market  Reports,  January  1975  and  1977. 

CONCLUSIONS 

These  results  have  several  implications  for  field  testing  of  candidate  rodenticides  in  South 
Florida  cane. 

Since  field  centers,  on  the  average,  had  the  greatest  percentage  of  stalks  damaged,  assessment 
samples  could  be  taken  in  this  stratum  alone.  If  samples  are  taken  over  whole  or  half  fields,  they 
should  be  stratified. 

If  a  rodenticide  treatment  can  reduce  rat  damage  by  50%,  a  test  using  10  treatment  and  10  control 
half  fields  has  approximately  a  70%  probability  of  demonstrating  efficacy  at  the  90%  confidence  level. 
Ideally,  all  variables  but  that  being  tested  (treatment  effect)  should  be  identical  in  treatment  and  control 
plots.   Since  even  known  variables,  such  as  cane  variety  and  ratoon,  may  be  difficult  to  replicate,  a 
precedence  of  criteria  for  sample  field  selections  was  established  on  the  basis  of  results  of  the  present 
study. 

1)  geographical  proximity; 

2)  field  age  —  plant  cane  and  first  ratoon  fields  should  be  avoided; 

3)  variety  —  if  more  than  one  must  be  used,  all  selected  varieties  should  have  equal  opportunity 
to  be  represented  in  treatment  and  control  plots; 

4)  harvest  date  proximity 

The  correlation  between  rat  damage  and  tonnage  in  the  area  most  heavily  sampled  by  this  study 
(Wetherald,  Miami  Locks,  and  South  Shore  plantations)  indicates  that  rats  can  have  a  significant  impact 
on  sugarcane  production.   Rat  damage  was  estimated  to  have  caused  a  loss  of  several  million  dollars  to 
one  sugar  growing/processing  company. 
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ABSTRACT 

The  median  lethal  doses  (LD   's)  of  zinc  phosphide  for  three  species  of  rodents  damaging  sugarcane 
in  south  Florida  were  determined  By  oral  gavage.   LD   ' s  obtained  were:   33,  39,  and  42  mg/kg  for  the 
cotton,  black,  and  Florida  water  rat,  respectively.   In  preliminary  bait  acceptance  tests,  the  bait 
registered  for  infield  use  in  Hawaii  (1.88%  zinc  phosphide  on  oat  groats)  was  tested  against  a  less 
expensive,  more  readily  available  alternative  (1.88%  zinc  phosphide  on  cracked  corn).   No  major 
differences  in  acceptance  were  observed.   Prebaiting  with  untreated  oat  groats  appeared  to  enhance 
consumption  by  and  mortality  of  black  rats,  but  not  cotton  and  water  rats.   A  larger  test  of  the  oat 
groat  bait  presented  to  cotton  and  black  rats  demonstrated  a  differential  mortality  rate  for  the  two 
species:   18  of  27  cotton  rats  (67%)  were  killed  vs  3  of  14  black  rats  (21%).   Because  of  inherent 
variability  in  bait  acceptance  testing,  additional  tests  are  required  to  properly  evaluate  this  and 
other  formulations  of  a  zinc  phosphide/oat  groat  bait. 


INTRODUCTION 

A  1.88%  zinc  phosphide/oat  groat  rodenticide  bait  has  been  registered  for  use  in  Hawaiian  sugarcane 
(Pank,  1976).   It  cannot  be  assumed  that  the  bait  will  prove  to  be  efficacious  in  Florida  sugarcane 
since'rodent  species  differ  and  cane  culture  in  Florida  is  quite  different  than  that  in  Hawaii.   Never- 
theless, the  Hawaiian  bait  is  the  best  initial  candidate  for  infield  use  in  Florida  sugarcane. 

The  three  most  important  depredators  of  Florida  sugarcane  are  the  cotton  rat  (Slgmodon  hispidus) , 
the  black  rat  (Rattus  rattus) ,  and  the  Florida  water  rat  (Neofiber  alleni)  (Samol,  1972).   Zinc  phosphide 
toxicity  to  and  acceptance  of  the  Hawaiian  bait  by  these  target  species  were  tested  to  determine  its 
potential  effectiveness  in  Florida  sugarcane. 

Preliminary  bait  acceptance  assays  were  conducted  to  determine:   1)   if  gross  differences  exist  in 
acceptance  of  oat  groat  and  cracked  corn  zinc  phosphide  baits,  2)   if  prebaiting  results  in  sizeable 
increases  in  consumption  of  oat  groat  and  cracked  corn  zinc  phosphide  baits,  and  3)   if  gross  differences 
exist  in  bait  acceptance  by  cotton,  black,  and  water  rats.   No  major  differences  in  acceptance  of  oat 
groat  and  cracked  corn  baits  by  species  was  indicated;  therefore,  acceptance  of  the  Hawaiian  bait  was 
tested  on  cotton  and  black  rats  using  larger  numbers  of  animals.   Cotton  and  black  rats  would  be  the 
targets  of  infield  aerial  bait  application.  Water  rats  were  not  included  in  this  test  because  we  believe 
that  bait  application  at  burrow  entrances  will  be  required  for  their  control. 


METHODS 


Lethal  Dose  Determinations 

Rats  were  trapped  in  sugarcane  fields  near  Clewiston,  Florida.   They  were  individually  caged  in 
Gainesville,  Florida  and  maintained  on  laboratory  chow  and  water  ad  lib  for  one  month  before  testing. 
Rats  were  fasted  overnight  prior  to  dosing.   Predetermined,  geometrically  spaced  doses  were  administered 
with  a  2  cc  syringe  and  balltipped  needie,  inserted  via  the  esophagus  into  the  stomach.   An  aqueous 
hydroxypropyl  methylcellulose  (Methocel^)  system  was  used  as  the  carrier  for  zinc  phosphide. 


For  co 
to  six 
were  dosed 


„tton  and  black  rat  determinations,  24  rats  of  each  species  were  randomly  assigned  within  sex 
dosage  levels,  such  that  two ^  each  sex  were  dosed  at  each  level.   Six  rats  of  each  species 
„<-.-  ^sed  with  2  cc  of  the  Methocef5"  carrier  only.   In  the  water  rat  determination,  nine  males  and  one 
female  were  used.   The  female  was  assigned  to  the  lowest  dosage  level;  all  others  were  randomly  assigned 
to  five  dosage  levels,  yielding  a  total  of  two  rats  per  level. 

Median  lethal  doses  (LD   's)  were  determined  by  the  method  of  Weil  (1952).   Lethally-dosed  rats  were 
necropsied  within  24  hours  or°death;  survivors  were  killed  and  necropsied  two  weeks  after  test  conclusion. 
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Bait  Acceptance  Tests 

Rats  were  trapped  near  Clewiston,  individually  caged  at  Gainesville,  and  maintained  on  lab  chow 
and  water  ad  lib  for  six  weeks  prior  to  testing.   Cages  were  kept  in  a  controlled-environment  chamber; 
lights  adjusted  to  normal  light  cycle;  22  C,  80%  humidity.   Unconsumed  foods  were  removed  and  fresh 
foods  provided  daily  between  1000  and  1200. 

Ten  pounds  each  of  oat  groats  and  cracked  corn  were  formulated  as  96%  carrier,  2%  alcolec  S  (a 
lecithin  adhesive)  and  2%  zinc  phosphide  (94%  technical  grade)  by  weight.   Technical  zinc  phosphide  con- 
centration should  have  been  1.88%,  but  samples  of  the  formulation  analyzed  at  the  Denver  Wildlife 
Research  Center  had  an  average  concentration  of  1.67%  technical  zinc  phosphide. 

In  Test  1,  8  rats  of  each  species  were  provided  with  lab  chow  and  either  untreated  oat  groats  (2  males 
and  2  females)  or  corn  (2  males  and  2  females)  to  determine  if  prebaiting  might  enhance  consumption.   Food 
was  offered  in  separate  50  ml  beakers,  filled  to  the  top  (approximately  30  g) .   After  receiving  untreated 
bait  carrier  for  4  consecutive  days,  each  rat  received  the  same  carrier  treated  with  zinc  phosphide  for 
the  next  4  days . 

In  Test  2,  8  rats  of  each  species  that  had  no  (known)  previous  exposure  to  the  bait  carriers  or  zinc 
phosphide  received  either  cracked  corn  (2  males  and  2  females)  or  oat  groats  (2  males  and  2  females) 
treated  with  zinc  phosphide. 

Consumption  was  determined  daily  by  subtracting  weighback  of  the  remaining  bait  from  the  amount 
originally  provided.   In  the  case  of  many  surviving  rats  we  obtained  negative  consumption  data,  indi- 
cating weight  gain  of  the  remaining  bait.   We  therefore  assumed  no  consumption  for  negative  values 
obtained  on  days  2  through  4  of  the  tests  and  used  the  mean  of  these  values  as  a  correction  factor  to  be 
added  to  all  consumption  data.   Consumption  data  should  therefore  be  considered  as  estimates. 

In  Test  3,  the  light  cycle  was  reversed,  and  rats  were  fed  zinc  phosphide-treated  oats  and  untreated 
lab  chow  approximately  1  hour  prior  to  the  dark  phase.  It  was  hoped  that  this  would  reduce  the  potential 
for  desultory  nibbling  of  the  bait  with  resultant  aversion.  Rats  tested  were  increased  to  27  cotton  rats 
and  14  black  rats. 

Consumption  data  were  obtained  by  counting  spilled  oats  and  estimating  their  weight  from  mean  oat 
groat  weight.   Chewed  or  fractured  oats  were  air-dried  overnight  and  weighed;  these  values  were  added  to 
the  weights  of  bait  remaining  in  the  beaker,  and  the  total  subtracted  from  bait  presented.   Negative 
consumption  values  were  again  obtained  for  survivors.   A  significant  correlation  was  found  between  these 
negative  values  and  amount  of  bait  spilled,  indicating  that  mean  oat  groat  weight  had  been  overestimated, 
resulting  in  underestimation  of  consumption.   A  linear  regression  of  negative  consumption  values  on 
amount  spilled  was  determined  by  species.   Correction  factors  were  obtained  from  this  regression  and 
applied  to  each  rat's  consumption  on  days  with  food  spillage. 


RESULTS  AND  DISCUSSION 


LD<-n  Determinations 


LDt-n  determinations  are  summarized  by  species  and  sex  in  Table  1.   The  overlapping  confidence 
intervals  indicate  that  the  differences  between  species  are  probably  not  significant. 


Table  1.   Zinc  phosphide  LD,-n's  (mg/kg)  by  species  and  sex.   Confidence  intervals  in  parentheses. 
Species n Sexes  combined n o n +_ 


Cotton  rats 

24 

33  (26-42) 

Black  rats 

24 

39  (32-46) 

Water  rats 



12 

28  (20-39) 

12 

39  (28-55) 

12 

353       h 
42  (21-80) 

12 

42  (39-59) 

9 



.No  confidence  interval;  ^T  =  0  (Weil  1952) 
Dm  ,  ,1 


The  only  female  used  was  at  the  lowest  dosage  level,  which  was  dropped  in  calculating  the  LD   . 

None  of  the  control  rats  died.   Most  of  the  lethally-dosed  cotton  and  black  rats  died  within  24  hours; 
all  died  within  48  hours.   Two  of  three  lethally-dosed  water  rats  (42  mg/kg)  died  within  24  hours,  but 
the  third  (58  mg/kg)  died  4  days  after  dosing. 

None  of  the  lethally-dosed  rats  showed  gross  pathological  signs  other  than  those  probably  related  to 
treatment.  Distension  of  the  gall  bladder,  gas  in  the  stomach,  and  distension  of  the  duodenum,  sometimes 
accompanied  by  hemorrhage,  were  the  most  frequently  noted  abnormalities.  Survivors  did  not  show  signs  of 
long-term  treatment  effects. 
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Bait  Acceptance  Tests  1  and  2 

Table  2  shows  mean  consumption  of  treated  baits  for  Test  1  and  Test  2.   These  data  reflect  mean 
consumption  using  data  only  from  the  day  of  greatest  consumption  for  individual  rats.   For  cotton  rats 
and  water  rats,  this  was  unusually  Day  1.   No  major  differences  were  observed  between  oat  groat  and 
cracked  corn  acceptance.   Table  3  reflects  these  data  in  terms  of  number  of  LD5Q  s  consumed  on  the  day 
of  greatest  consumption  and  total  mortality  during  Tests  1  and  2.   Cotton  rats  generally  consumed  a 
ereater  number  of  LD   's  than  black  or  water  rats.   In  only  one  instance  was  100/.  mortality  achieved 
(cotton  rats/oat  groI2s/no  prebaiting) .   Mortality  of  black  rats  was  low  except  in  Test  1  (oat  groats/ 
prebaiting).   Consumption  by  all  three  species  was  considered  to  be  low.   Black-tailed  prairie  dogs  tested 
on  a  2%  zfnc  phosphide/oat  groat  bait  consumed  3.6  -  7.9  LD^'s  on  the  first  day,  with  93/.  mortality 
(Tietjen  1976) . 


Table  2. 


Mean  consumption  on  day  of  greatest  consumption  during  Tests  1  and  2  (g  bait/kg  rat  weight*). 
Ranges  in  parentheses. 


Test/bait 


Cotton  rats 


Black  rats 


Water  rats 


1/Corn 
2/Corn 
1/Oats 
2/0ats 


3.8  (0.8 
5.0  (0.0 
4.2  (2.2 
6.0  (3.3 


7.1) 
6.9) 
7.6) 
9.2) 


3 

4 

(0. 

8  - 

6 

2) 

1 

3 

(0 

8  - 

1 

6) 

4 

6 

(2 

4  - 

7 

7) 

1 

2 

(0 

0  - 

2 

.2) 

3.2    (1.6  - 

4.1) 

2.0    (0.2   - 

3.3) 

4.4    (1.0  - 

6.7) 

4.2    (0.5  - 

9.8) 

*Average  rat  weights:   cotton  rats  -  .160  kg;  black  rats  -  .213  kg;  water  rats  -  .276  kg. 
Individual  rats  weights  were  used  to  determine  g/kg  bait  consumed  per  rat  on  day  of  greatest  consumption; 
averages  of  these  determinations  are  shown  above. 


Table  3.  Mean  LD 


50 


's  consumed  on  day  of  greatest  consumption  and  total  mortality  during  Tests  1  and  2. 


Ranges  in  LDrn's  consumed  in  parentheses. 


Test/bait 


1/Corn 
2/Corn 
1/Oats 
2/0ats 


Cotton  rats 


LD5Q's 


Deaths 


2.0  (0.4-3.6)  3  of  4 
2.5  (0.4-3.5)  2  of  4 

2.1  (1.1-3.8)  2  of  4 
3.1  (1.7-4.6)  4  of  4 


Black  rats 


LD50S 


Deaths 


1.4  (0.3-2.6)  1  of  4 

0.5  (0.3-0.7)  1  of  4 

2.0  (1.0-3.3)  3  of  4 

0.5  (0.0-1.0)  0  of  4 


Water  rats 


LD50s 


Deaths 


1.3  (0.6-1.6)  3  of  4 

0.8  (0.1-1.3)  3  of  4 

1.8  (0.4-2.6)  3  of  4 

1.7  (0.2-3.9)  3  of  4 


Data  from  Tests  1  and  2  suggest  that  prebaiting  may  enhance  acceptance  of  treated  oat  groats  by 
black  rats  but  not  by  cotton  or  water  rats.   However,  consumption  was  low  and  observed  differences  could 
be  due  to  experimental  error. 

Survivors  of  Test  1  showed  dramatically  decreased  consumption  of  both  bait  carriers  when  zinc  phos- 


and  oat  groat  consumption  (except  by  ,,,.,,. 

avoided  the  zinc  phosphide-treated  baits  even  though  corn  and  oats  were  generally  preferred  foods  when 

untreated. 


Test  3 

The  marginally  acceptable  mortality  in  cotton  rats  and  low  mortality  in  black  rats  obtained  in 
Tests  1  and  2  were  confirmed  in  Test  3.   Of  27  cotton  rats,  18  died  (67%),  while  only  3  of  14  black  rats 
(21%)  were  killed. 

Overall  consumption  is  shown  in  Table  4  in  terms  of  g  of  bait/kg  rat  weight  and  LD5Q's  consumed  on 
the  day  of  greatest  consumption.   Again,  these  values  are  considered  to  be  low  for  both  species.   In 
contrast  to  the  results  of  Test  2,  black  rat  consumption  was  comparable  to  that  of  cotton  rats  despite 
the  fact  that  cotton  rat  mortality  was  much  higher.   The  lower  black  rat  values  in  Test  2  may  have  resulted 
from  the  small  sample  size  and  normal  variation  in  consumption.   The  change  in  feeding  schedules,  however, 
may  have  resulted  in  greater  black  rat  consumption  in  Test  3. 


3   's  consumed  by  survivors  and  nonsurvivors,  but  in  general,  cotton 
rats  that  consumed  over  1.4  L0,,,'s  and  bl'a'ck  rats  that  consumed  over  2.5  LD^'s  died.   Two  black  rats 


Overlap  occurs  between  estimated  LDC 


33 


□ 


CORN 


OATS 


LAB  CHOW 


DAYS      1-4:    PRE -TREATMENT  (UNTREATED) 
5-8  i   TREATED     CORN  AND  OATS 

9!   POST-TREATMENT  (UNTREATED) 


DAYS     1-4      5-8       9 


1-4      5-8         9  1-4      5-8        9 


Fig.l.  Consumption  by  survivors    of   Test  1.   Rats  received  either  corn  or  oats   and 
untreated  lab  chow.    Numbers  over  bars   are  the  number  of  survivors   used 
in  consumption  averages. 

Fig.    1.      Consumption  by   survivors   of   Test    1.      Rats   received   either   corn   or   oats   and   untreated   lab   chow. 
Numbers   over  bars   are   the  number  of   survivors   used   in   consumption   averages. 


Table   4.      Mean   consumption   on   day   of   greatest   consumption   during   Test   3.      Range    is   shown   in  parentheses. 
'      Cotton   rat Black  rat 


g/kg   bait 
LD50's 


4.1  (0.9  -  11.2) 
2.1  (0.4  -  5.6) 


4.2  (0  -  12.3) 
1.8  (0  -  5.2) 


ingested  very  high  quantities  of  bait  (estimated  4.3  and  5.3  LD   's)  and  survived.   Ingestion  of  bait 
does  not  necessarily  guarantee  ingestion  of  zinc  phosphide.   The  toxicant  was  applied  only  to  the  surface 
of  bait  particles,  and  the  amount  adhering  to  individual  particles  may  vary  considerably.   Some  rats  may 
have  selectively  consumed  particles  with  less  toxicant,  or  consumed  only  particle  interiors.   Handling 
of  particles  by  the  rats  may  also  have  removed  some  of  the  toxicant.   Furthermore,  the  time  period  over 
which  an  acute  toxicant  is  ingested  is  critical;  nibbling  of  bait  over  a  24-hour  period  probably  does 
not  have  the  same  effect  as  consumption  of  an  equal  quantity  within  an  hour. 

Because  the  consumption  values  of  the  f orementioned  black  rats  were  so  much  higher  than  those  of 
other  survivors  (the  next  highest  value  being  about  2.6  LD   's),  mean  consumption  data  shown  in  Tables 
5-6  were  calculated  including  and  excluding  these  two  extreme  values.   Excluding  these  values  brings 
black  rat  consumption  down  to  a  level  comparable  to  that  of  cotton  rats.   Mean  consumption  on  day  of 
greatest  consumption  (Table  5)  and  mean  total  consumption  (Table  6)  by  lethally-dosed  rats  did  not  differ 
greatly,  indicating  that  lethal  doses  tended  to  be  consumed  within  24  hours.   It  should  be  noted  that 
while  LD5Q's  consumed  by  lethally-dosed  cotton  and  black  rats  were  comparable,  a  much  smaller  proportion 
of  black  rats  consumed  lethal  doses.   There  is  considerable  overlap  in  lethal  and  non-lethal  doses, 
shown  by  the  overlapping  ranges  in  consumption. 
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Table  5.   Mean  consumption  on  day  of  greatest  consumption  during  Test  3. 

Cotton  rat  


Black  rat 


x  g/kg  bait 


x  LD 


50 


x  g/kg  bait 


x  LD50's 


Survivors 
Mortalities 


2.3  (0.9-5.1)    1.2  (0.4-2.6) 
5.0  (2.7-11.2)    2.5  (1.3-5.6) 


3 


3.9  (0-12.3)  1.7  (0-5.3) 
2.3  (0-5.4)  1.0  (0-2.3) 
5.2  (3.7-6.2)    2.2  (1.6-2.6) 


Two  noneaters  included 


Two  extremely  high  values  excluded 


Table  6.   Mean  total  consumption  during  Test  3. 


Cotton  rat 


Black  rat 


x  g/kg 


x  LD50's 


x  g/kg 


x  LD50's 


Survivors 
Mortalities 


9   3.1  (0.9-6.7)    1.6  (0.5-3.4) 
18   5.4  (2.5-14.4)    2.7  (1.3-7.3) 


3 


4.9  (0-13.7)  2.1  (0-5.9) 
3.0  (0-6.4)  1.3  (0-2.8) 
5.2  (3.7-6.2)   2.2  (1.6-2.6) 


Two  noneaters  included 


Two  extremely  high  values  excluded 


CONCLUSIONS 


Consumption  was  estimated  more  than  determined,  and  serves  as  a  relative  index  of  zinc  phosphide 
ingestion  at  best.   In  view  of  the  overall  low  consumption,  inaccuracy  of  consumption  data  alone  may 
explain  the  highly  variable  response  of  rats  to  the  baits.   Results  of  this  test  indicate  that  the  bait 
was  only  marginally  effective  on  cotton  rats  and  ineffective  on  black  rats.   Additional  testing  of  the 
Hawaiian,  as  well  as  other,  formulations  is  recommended  prior  to  development  of  final  conclusions  as  to 
acceptance. 

Additionally,  we  feel  that  a  small  field  test  should  be  conducted  with  the  oat  groat  bait  to  deter- 
mine if  large  differences  exist  between  field  and  laboratory  mortality  rates.   Through  the  use  of  capture/ 
recapture  and  telemetry  data,  rat  populations  could  be  indexed  and  mortality  estimates  obtained  before 
and  after  treatment,  and  these  indices  compared  with  those  from  untreated  fields. 
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EFFECTS  OF  HARVESTING  SYSTEMS  ON  FIELD  YIELD 
AND  QUALITY  OF  SUGARCANE  IN  LOUISIANA1 

B.  L.  Legendre 
U.  S.  Sugar  Cane  Field  Laboratory- 
Agricultural  Research  Service,  USDA 
Houma,  Louisiana 
(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

Since  the  advent  of  whole-stalk  mechanical  harvesting  in  Louisiana,  in  1938,  the  two  problems 
of  increased  field  loss  (scrap)  and  increased  trash  have  plagued  harvesting  efficiency.   In  an  effort 
to  improve  this  efficiency,  especially  in  fields  of  above-average  yield,  two  Australian  models  of 
cut-shop  combine  harvesters  have  been  introduced  into  Louisiana  since  1974.   In  five  tests  where  one 
or  the  other  combine  harvester  was  compared  with  a  conventional  whole-stalk  harvester,  the  combine 
harvester  reduced  apparent  scrap  losses  by  44%,  but  increased  trash  percent  cane  by  27%.   Of  the 
total  trash  in  the  combined  cane,  field  soil  accounted  for  20%,  whereas,  in  cane  harvested  by  the 
whole-stalk  machine,  field  soil  accounted  for  12%.   Furthermore,  in  three  of  the  five  tests,  the 
sucrose  content  in  the  combined  cane  decreased  by  10%  and  the  purity  by  3%,  compared  to  cane  harvested 
by  whole-stalk  harvesters. 


■■■Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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THE  HERITABILITY  OF  LODGING  IN  SUGARCANE- 

P.  M.  Lyrene 

Agricultural  Research  and  Education  Center 

Belle  Glade,  Florida 


ABSTRACT 


The  heritability  of  lodging  was  studied  in  40  populations  of  space-planted  sugarcane  (Saccharum  L.) 
stools.   The  populations  consisted  of  10  commercial  cultivars,  25  populations  of  F   seedlings  produced 
by  crossing  five  of  the  cultivars  as  males  with  the  other  five  used  as  females,  and  5  S,  populations 
obtained  by  selfing  paternal  parents.   The  test  was  planted  in  a  randomized  block  experiment  with  one 
plot  of  each  population  in  each  of  six  blocks.   A  plot  consisted  of  about  17  plants  of  a  population  spaced 
at  1  m  intervals  in  a  single  row.   Each  plant  in  the  test  was  given  a  lodging  score  ranging  from  1  (fully 
erect)  to  10  (fully  prostrate).   The  purpose  of  the  test  was  to  determine  the  extent  to  which  parental 
tendencies  toward  lodging  or  erectness  are  transmitted  to  F  and  S   progenies.   Lodging  was  much  more 
severe  in  F  and  S  populations  than  in  parental  clones.   Lodging  tendency  was  transmitted  from  parents 
to  progeny; ^he  correlation  between  midparent  and  F   lodging  was  0.59.   General  combining  ability  effects 
for  lodging  were  highly  significant,  but  the  estimate  for  specific  combining  ability  was  zero.   Fj 
populations  with  high  stalk  number  per  stool  lodged  more  severely  than  those  with  fewer  stalks,  but 
lodging  was  not  correlated  with  stalk  diameter  or  stalk  length.   Extent  of  lodging  had  high  heritability, 
as  did  stalk  number  per  stool,  stalk  diameter,  and  flowering  percent.   Stalk  length  had  low  heritability 
and  heritability  of  brix  was  intermediate.   It  was  concluded  that  selection  of  upright  parents  should 
increase  F   seedling  erectness.   In  selection  for  erectness  in  a  breeding  program,  uprooting  should  be 
considered  a  more  serious  defect  than  stalk  bending. 

INTRODUCTION 

Lodging  in  sugarcane  may  have  several  undesirable  effects.   It  may  seriously  reduce  juice  quality  (7). 
It  may  lead  to  higher  trash  content  in  mechanically  harvested  cane  due  to  poor  topping,  or  to  losses  of 
millable  cane  due  to  reduced  harvester  efficiency  in  lodged  cane.   Early  lodging  stimulates  production  of 
late  tillers,  and  late  tillers  lower  juice  quality  at  harvest.   Root  lodging  in  Florida  muck  soils  leaves 
cane  roots  highly  vulnerable  to  heat  damage  in  pre-harvest  fires,  and  stools  which  lodge  from  the  roots  are 
frequently  torn  from  the  ground  by  harvesting  machines.   Both  fire  damage  and  harvester  damage  may  lead 
to  serious  losses  of  stand  and  to  lower  ratoon  yields. 

Two  aspects  of  lodging  that  have  received  attention  in  studies  by  sugarcane  breeders  are  its 
heritability  and  its  correlation  with  other  traits.   Heritability  studies  have  attempted  to  answer  two 
questions:   First,  how  reliably  does  the  extent  of  lodging  in  a  clone  in  one  test  predict  its  extent  of 
lodging  in  future  tests  and  in  commercial  fields?   This  question  is  concerned  with  repeatability  or 
broad-sense  heritability  and  has  been  studied  much  more  extensively  than  the  second  question:   To  what 
extent  do  erect  parents  give  erect  progeny  and  lodged  parents  lodged  progeny?   Answers  to  this  question 
help  breeders  decide  how  strongly  to  emphasize  erectness  in  choosing  parents  for  crosses.   Obviously, 
they  would  like  to  cross  only  erect  parents,  but  that  would  prevent  the  use  of  parents  excelling  in  traits 
like  brix,  stalk  weight  and  stalk  number. 

In  a  study  of  the  broadsense  heritability  of  lodging  in  about  1000  sugarcane  clones,  Hebert  and 
Henderson  (3)  found  an  average  correlation  of  r  =  0.33  between  lodging  in  unreplicated  single-stool  plots 
and  in  5-foot  clonal  plots.   Repeatability  was  lower  for  lodging  than  for  stalk  diameter.   Skinner  (6) 
estimated  lodging  reistance  in  sugarcane  clones  by  measuring  the  force  required  to  move  individual  stalks 
through  an  angle  of  16  degrees  from  the  vertical.   These  estimates  were  correlated  with  observed  field 
lodging.   There  were  significant  differences  among  the  clones  tested,  and  statistical  calculations  indi- 
cated that  selection  for  lodging  resistance  in  replicated  trials  would  be  as  successful  as  selection  for 
yield.   Breaux  (1)  rated  95  random  F   sugarcane  clones  for  erectness  in  each  of  four  stages  of  the 
Louisiana  breeding  program.   Erectness  in  each  stage  was  positively  correlated  with  erectness  in  replicated 
yield  tests. 

Relationships  between  lodging  in  parental  clones  and  lodging  in  their  progenies  have  been  noted  by 
Hebert  and  Henderson  (3)  and  by  Viator  and  Henderson  (8).   Hebert  and  Henderson  observed  lodging  m  parents 
and  F  progeny  of  seven  crosses.   Although  they  studied  no  erect  X  erect  or  nonerect  X  nonerect  crosses, 
they  still  observed  some  correlation  between  parental  erectness  and  the  frequency  of  erect  F^  plants. 
In  five  of  eight  crosses  studied  by  Viator  and  Henderson  (8),  average  progeny  erectness  was  intermediate 
'  between  that  of  the  two  parents.   In  two  crosses,  the  F  averaged  less  erect  than  the  less  erect  of  the 
two  parents,  and  in  one  cross  the  F.  was  more  erect  than  the  more  erect  parent.   Crosses  involving  any 
of  "the  three  erect  parental  cultivars  (CP  52-68,  CP  66-346,  and  CP  65-357)  produced  the  highest  percentage 
of  erect  segregates. 


—  This  work  was  done  at  the  USDA  Sugarcane  Field  Station,  Canal  Point,  FL. 
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Estimates  of  correlation  between  lodging  and  other  traits  are  useful  because  they  indicate  why  some 
clones  lodge  more  than  others  and  suggest  how  selection  for  other  traits  is  likely  to  affect  lodging. 
Hebert  and  Henderson  (3)  noted  a  consistent  tendency  for  clones  with  many  stalks  to  lodge  more  than  those 
with  fewer  stalks.   They  also  noted  a  weaker  correlation  between  large  stalk  diameter  and  increased  lodging. 

Breaux  (1)  found  no  important  correlations  between  lodging  and  stalk  number  or  diameter,  but  observed 
consistent  tendencies  for  clones  with  tall  stalks  or  heavy  stalks  to  lodge  severely.   In  Skinner's  experiment 
(6),  lodging  was  not  correlated  with  stalk  number,  diameter,  length,  weight,  or  sugar  content.   Breaux  (1) 
observed  no  correlation  between  erectness  and  fiber  percent.   In  general,  correlation  studies  have  shown  that 
high-tonnage  clones  tend  to  lodge  more  than  low-tonnage  types,  but  the  relationship  is  not  a  close  one. 

Previous  studies  that  attempted  to  explain  differences  in  lodging  in  a  series  of  seedling  populations 
in  terms  of  variations  in  the  extent  of  lodging  in  the  parent  clones  have  been  based  on  too  few  crosses  to 
allow  convincing  generalizations.   The  purpose  of  this  study  was  to  examine  the  extent  of  lodging  in  25  F 
populations  obtained  by  intercrossing  10  sugarcane  clones  in  order  to  determine  the  relationship  between  1 
lodging  in  the  parental  clones  and  lodging  in  seedling  populations  obtained  from  them. 

MATERIALS  AND  METHODS 

Twenty-five  F  populations  were  produced  by  crossing  five  clones  as  females  with  five  clones  used  as 
males  (Table  1).   The  five  paternal  clones  also  were  self-pollinated  to  produce  five  S   populations.   The 
parents  were  complex  Saccharum  hybrids  of  the  type  used  commercially  in  Florida  and  Louisiana.   Because 
commercial  sugarcane  clones  are  highly  heterozygous,  the  F   is  a  segregating  generation. 


Table  1.   Mean  lodging  score  in  parental,  F  ,  and  S   sugarcane  populations. 


Parental 
clones 


F  ' s  from 
clones 


S. 's  from 
clones 


(females) 

CP  52-68 

CP  68-1067 

NCo  310 

CP  61-37 

CP  62-374 

female  averages 

(males) 
CP  66-346 
CP  57-614 
CP  63-588 
CP  57-526 
CP  70-300 
male  averages 


1 

.05  A* 

1 

.16  A 

1 

32  A 

1 

49  A 

3 

61  B 

1 

73 

1 

07  A 

1 

33  A 

1 

52  A 

1 

52  A 

2 

67  B 

1 

62 

2 

.88 

A 

3 

70 

B 

4 

05 

B 

5 

76 

C 

5 

40 

C 

4 

36 

4 

00 

AB 

4 

74 

C 

4 

40 

BC 

3. 

60 

A 

5 

04 

C 

4. 

36 

2.95  A 
3.68  AB 
5.35  C 
2.97  A 
4.87  BC 
3.96 


*Within  male  and  female  groupings  within  columns,  means  not  followed  by  a  common  letter  differ  at  the  5% 
level  according  to  Duncan's  Multiple  Range  Test. 

In  January  1975,  T^    seeds  from  each  of  the  25  crosses  and  S  seeds  from  each  of  the  five  paternal 
parents  were  planted  in  greenhouse  flats.   At  the  same  time,  a  clonal  population  fr^om  each  of  the  10  parents 
was  started  from  vegetative  propagules  in  greenhouse  flats.   Vegetative  propagules  consisted  of  small 
wedges  cut  from  the  nodes  of  mature  stalks  so  that  each  bore  a  shoot  bud  and  a  number  of  root  primordia. 
Established  plants  were  transplanted  from  germination  flats  to  peat  pots  in  March.   On  April  26  they  were 
planted  in  a  field  on  the  USDA  Sugarcane  Field  Station,  Canal  Point,  Florida.   Parents  and  seedlings  did 
not  differ  visually  in  size  or  vigor  at  the  time  of  transplanting.   The  experimental  design  was  a  randomized 
complete  block  replicated  six  times.   Each  block  contained  40  plots  (25  F  populations,  10  clonal  parent 
populations  and  5  S.  populations).   The  single-row  plots  were  spaced  1.5  m  apart  and  contained  17  plants 
spaced  1  m  apart.   The  test  was  bordered  on  each  side  by  a  row  of  seedlings  spaced  at  0.5  m  intervals. 

The  length  of  the  tallest  stalk  in  each  stool  was  measured  during  the  period  30  July  to  1  August  1975. 
Stalk  length  was  measured  from  the  ground  to  the  top  visible  dewlap. 

Stalks  were  counted  in  each  stool  between  18  and  22  August.   Except  for  a  few  dwarf  stools  in  which 
all  stalks  were  very  short,  only  stalks  in  which  the  top  visible  dewlap  was  0.5  m  or  more  above  the  ground 
were  counted. 
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Stalk  diameters  were  determined  for  two  random  stalks  per  stool  between  27  September  and  3  October. 
A  caliper  was  used  and  measurements  were  made  midway  between  two  nodes,  perpendicular  to  buds,  and  about 
halfway  between  the  ground  and  top  visible  dewlap. 

t  H.ino  was  scored  between  11  October  and  18  October.   Each  stool  in  the  test  was  given  a  lodging 
re  between  1   and  10   a  score  of  1  indicating  a  completely  upright  stool,  a  score  of  10  indicating  a 
Jtool  in  which  aS  stalks  were  completely  prostrate,  and  intermediate  scores  being  the  approximate  average 
score  for  all  stalks  in  the  stool. 

Variances  in  lodging  scores  within  each  of  the  40  populations  were  obtained  for  each  replication 
a  over  replications   The  average  within-population  variance  for  all  F  populations  was  obtained 

bay  po   S  wi  ni"  p"u   ion  variances  for  the  25  F  populations,  and  the  analogous  calculation  was  made 

by  pooling  winii^  v   v   ^      ^   _    a „.,„„,.„  „f  ^0   A«--tf*MHtv  of  lodeine  was  obtained  from  these 

lonal  popu- 


hv  nooline  within-population  variances  ror  luc  ^j  r.  p^u^u^^, «,  . 

for  pare"?  clonal  populations.  An  estimate  of  the  heritability  of  lodging  was  obtained  from  these 
variances  with  the  formula  J  =  (variance  within  Fj  populations  minus  variance  within  parent  clona 
lations) /variance  within  F  populations. 

2 
Another  heritability  estimate  was  derived  from  variance^  components  for  male  parents  (*"m )   female 
parents  (3,  male  X  female  interaction  (A),  and  error  (A  following  analysis  of  variance  of  the  150  F 
plots  (25  crosses  X  6  replications).   The  Formula  used  was  n  - <y| 


where  Og  =  the 


emf 


°e 


average  of  <?   and  A  m  =  the  number  of  male  parents,  and  r  =  the  number  of  replications. 

6      m      t 

Narrow-sense  heritability  was  estimated  by  regressing  mean  lodging  scores  of  F  P°Pu^ions  °n  mean 
midparent  lodging  scores  (4)  and  by  doubling  the  regressions  of  lodging  scores  in  F  populations  on 
Edging  scores  for  each  of  the  two  parents.   Analogous  heritability  estimates  were  obtained  by  using 
parent-progeny  correlations  rather  than  regressions  (2). 

Correlations  between  lodging  score,  stalk  diameter,  stalk  length,  and  stalk  number  per  stool  were 
obtained'  ufing  mean  values  for  each  trait  for  each  of  the  25  ^   population.   Thus  each  datum  used  in 
calculating  a  correlation  coefficient  was  a  mean  based  on  approximately  100  plants. 


RESULTS  AND  DISCUSSION 


In 


Lodging  was  much  more  severe  in  F.  and  S   populations  than  in  parental  populations  (Table  1). 
each  of  the  25  crosses,  the  mean  lodging  score  of  the  F  population  was  higher  than  the  mean  score  of  the 
Parent  which  lodged  most  severely  (Table  2).   In  general,  the  most  upright  parent  clones,  CP  "-68, 
PCP  6S-1067,  and  CP  66-346  (Table  1)  produced  the  most  upright  Fj  populations  and  the  -^  r-umbent 
narents  CP  62-374  and  CP  70-300,  produced  the  most  recumbent  populations.   CP  61-37,  which  was  inter 
Sate  in  lodging,  produced  P.  populations  that  were  less  erect  than  would  have  been  expected  from 
narental  data  and  CP  57-526,  also  intermediate,  produced  F  's  that  were  more  erect  than  might  have 
been  expected:   s'  populations  were  slightly  more  erect  than  F,  populations,  but  much  less  erect  than 
their  parents. 

The  correlation  between  mean  midparent  lodging  and  mean  F  lodging  was  0.59  (Table  4)  for  the  25 
crosses.   The  correlation  between  Fj  and  female  parents  was  0.53,  and  that  between  Fj  and  male  parents 
was  0.26. 

Stools  within  parent  clones  were  much  less  variable  in  lodging  score  than  were  seedlings  within 
F  and  S  populations  (Table  3).  Variance  within  parent  clones  has  no  genetic  component  and  provides 
an  estimate  of  noetic  variance  among  stools.   Variance  within  ^   populations  contains  both  genetic 
and  nongenetic  components.   The  heritability  estimate  obtained  by  comparing  the  magnitudes  of  these 
variances  was  0.84  (Table  4). 

Variances  among  the  25  F,  populations  (Table  3)  provide  estimates  of  general  combining  ability 
specific  coTinS  ability,  andYroad-sense  heritability.   Because  the  -an  square  for  females  X  males 
Z   lower  than  error  mean  square,  the  variance  component    )  estimat ing  mal  ^^SL^^SSc 
must  have  been  near  zero.   This  means  that  the  tendency  of  a  male  to  transmit  e«c««       reciprocal, 
did  not  vary  depending  on  which  female  it  was  cro"^f^.  The  relationship^  of       ,   com£onents 
and  the  words  male  and  female  co; ;  d  have  ^^^J^E^lE^  component,  calculated 

s% h°e  IZ Xiontre  iLtt^interacfion,  was  23.5,  about  three  times  the  s^e  of  wit^in-pl ot  var iance 
in  I     populations  (Table  3).   Broad-sense  heritability  estimated  from^,  «rf,  tf^,  and  S &   was 
(Table  4). 

least  heritable,  brix  had  rather  low  heritability,  and  diameter,  stalk  number  per  stool,  g 

percent  were  highly  heritable. 
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Table  2. 


Cross 


Mean  lodging  score  in  25  F1  populations  and  deviation  of  F  from  midparent  and  from  high 


er  parent. 


Mean  lodging 


midparent 


Deviation  of  F,  from 


4- 


midparent 


more-lodged  parent 


CP  52-68 

X 

CP 

66-346 

CP  52-68 

X 

CP 

57-614 

CP  52-68 

X 

CP 

63-588 

CP  52-68 

X 

CP 

57-526 

CP  52-68 

X 

CP 

70-300 

CP  68-1067 

X 

CP 

66-346 

CP  68-1067 

X 

CP 

57-614 

CP  68-1067 

X 

CP 

63-588 

CP  68-1067 

X 

CP 

57-526 

CP  68-1067 

X 

CP 

70-300 

NCo  310 

X 

CP 

66-346 

NCo  310 

X 

CP 

57-614 

NCo  310 

X 

CP 

63-588 

NCo  310 

X 

CP 

57-526 

NCo  310 

X 

CP 

70-300 

CP  61-37 

X 

CP 

66-346 

CP  61-37 

X 

CP 

57-614 

CP  61-37 

X 

CP 

63-588 

CP  61-37 

X 

CP 

57-526 

CP  61-37 

X 

CP 

70-300 

CP  62-374 

X 

CP 

66-346 

CP  62-374 

X 

CP 

57-614 

CP  62-374 

X 

CP 

63-588 

CP  62-374 

X 

CP 

57-526 

CP  62-374 

X 

CP 

70-300 

1.06 
1.19 
1.29 
1.29 
1.86 
1.12 


25 
34 
34 
92 
19 
33 


2.08 
3.25 
2.87 
2.45 
3.76 
4.07 
3.93 
3.34 


1.42 
1.42 
2.00 
1.28 
1.41 
1.51 
1.51 
2.08 
2.34 
2.47 
2.57 
2.57 
3.14 


84 
35 
60 
48 
54 
76 


4.85 
5.84 
6.14 
5.45 
5.08 
6.27 
4.43 
5.91 
5.82 
4.86 
5.99 


1.02 
2.06 
1.58 
1.16 
1.90 
2.95 
2.68 
2.00 
1.50 
2.43 
2.45 
3.15 
3.12 
1.34 
2.85 
4.56 
4.73 
3.94 
3.57 
4.19 
2.09 
3.44 
3.25 
2.29 
2.85 


1.01 
1.92 

1.35 
0.93 


09 
91 

60 
82 


1.32 
1.68 


3.02 
1.24 
2.18 
4.35 
4.65 
3.93 
3.56 
3.60 
0.82 
2.30 
2.21 
1.25 
2.38 


Source 


df 


Mean  squares 


Expected 


Observed 


Replications 
Populations 


Groups  (S.'s,  clones,  and 
Among  S.  populations 
Among  parent  clones 
Among  F.  populations 
females 


males 

females  X  males 

Error  (population  X  rep) 
Within  F,  populations 
Within  S,  populations 
Within  parent  clones 


's) 


5 
39 


2 
4 
9 
24 
4 

4 

16 


195 

2200 

380 

875 


123.1 

263.7 

2651.8 

123.6 

68.9 

,2     2       2 

c   +  re  ,  +   rmo- 

e     mf      f 

161.0 
733.0 

2     2       2 
C   +  rtf  ,  +  rft? 
e     mf      m 

168.8 

2  ,    2 
C  +  re 
e     mf 

16.0 

2 
tfe 

23.5 
7.2 

7.4 

1.2 

Of  three  stalk  traits  examined  (stalk  diameter,  stalk  length,  and  stalk  number  per  stool)  only 
stalk  number  was  significantly  correlated  with  lodging  severity  in  F  populations,  and  stools  with  many 
stalks  had  less  lodging  (r  =  -0.43  between  lodging  score  and  stalk  number/stool,  Table  5).   There  were 
slight  tendencies  for  tall  stalks  and  large-diameter  stalks  to  be  associated  with  low  lodging,  but 
correlation  coefficients  were  not  significant  at  the  5%  level. 

It  appears  from  this  study  that  selection  for  lodging  resistance  would  be  effective.   In  fact,  the 
superior  uprightness  of  parental  clones  compared  to  random  progeny  in  this  study  suggests  that  the  parents 
had  themselves  been  selected  for  uprightness  in  the  various  breeding  programs  from  which  they  were  produced. 

Plants  may  lodge  in  at  least  two  ways.   In  root  lodging,  entire  stools  fall  over,  and  some  of  the 
roots  are  exposed,  though  stalks  may  remain  straight.   On  the  other  hand,  stalks  may  bend  at  some  point 
above  the  ground  causing  stools  to  lodge  without  uprooting.   Stiff-stalked,  large-barrelled  canes  may  be 
more  subject  to  uprooting  and  less  subject  to  stalk  bending  than  canes  with  limber  stalks.   Uprooting  is 
more  undesirable  than  stalk  bending,  because  it  is  more  likely  to  affect  the  ratoon  crop,  and  because 


90 


-  A   stools  are  harder  to  harvest  than  stools  with  stalks  erect  at  the  bottom  and  bent  farther  up. 
Sost°of  the  lodging  in  this  experiment  was  due  to  stalk  bending,  though  there  was  some  uprooting. 


Table  4.   Estimates  of  heritability  for  stalk  lodging. 


Method  of  estimation 

Correlation  of  progeny  and  parental  means 

F.  -  male  parent 

F  -  female  parent 

F.  -  midparent 
Regression  of  progeny  on  parental  means 

F.  -  male  parent 

F.  -  female  parent 

F,  -  midparent 
Comparison  of  with-population  variance 

F,  and  parent  clonal^' 
Analysis  of  variance    ^j 

Variance  components— 


r  or  b— 


0. 

26 

0. 

53** 

0 

59** 

0 

58** 

0 

69** 

1 

.32** 

0. 

52 

1. 

06 

0. 

59 

1 

16 

1 

38 

1 

32 

0 

.84 

0 

.95 

populations)    divided  by  variance   among   stools  within  Fj   populations. 


cr2  +     2 


mf   /   r       tfe   /   rm 

s=  srerrsa  ^r=rH=r^  raw  rs^-s- 

resistance  and  cold  tolerance. 

Table  5.   Correlations  between  lodging  scores,  stalk  diameter,  stalk  length,  and  stalk  number  per  stool 

in  25  F.  sugarcane  populations. - 

Stalk 


Diameter     Length     Number  per  stool 


Lodging  score 
Stalk  diameter 
Stalk  length 


-0.13 


-0.20 
0.32 


-0.43* 

-0.49* 

0.06 


*Significant  at  .05. 
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A  SERIOUS  LOOK  AT  TITRATABLE  ACIDITY 

F.  A.  Martin 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 


INTRODUCTION 


Climatologists  generally  agree  that  for  the  past  50  years  man  has  enjoyed  some  of  the  best  weather 
he  has  ever  known  (13).   According  to  many  climatologists,  however,  our  climate  and  the  consistency  of 
our  seasons  can  no  longer  be  taken  for  granted.   If  these  predictions  come  to  pass,  the  Louisiana  sugarcane 
industry  will  probably  experience  a  greater  frequency  of  early  freezes  that  are  severe  enough  to  seriously 
damage  parts  of  its  crop. 

If  the  Louisiana  sugarcane  industry  is  to  cope  with  increases  in  early,  crop  damaging  freezes   it 
must  have  means  of  assessing  the  amount  of  damage  caused  by  the  freeze  and  the  subsequent  deterioration 
that  follows  a  freeze.   Titratable  acidity,  despite  the  associated  limitations  (2,  7,  9,  10),  has  been 
traditionally  used  as  a  measure  of  sugarcane  juice  quality  following  a  freeze  (1). 

The  intent  of  this  paper  is  to  review  the  association  of  titratable  acidity  to  post-freeze 
deterioration,  and  to  examine  how  changes  in  technology  has  affected  the  methodology  of  determining 
titratable  acidity. 


BIOLOGY  OF  POST-FREEZE  DETERIORATION 

Sugarcane  tissue,  upon  death,  becomes  an  ideal  medium  for  the  growth  of  microorganisms.   These  micro- 
organisms thrive  on  that  portion  of  the  stalk  that  is  damaged  or  killed.   One  of  the  major  factors 
affecting  the  post-freeze  deterioration  is  the  post-freeze  weather  (2,  3,  8,  11). 

The  microorganisms  that  have  been  associated  with  sugarcane  ferment  sugars  and  produce  alcohol 
organic  acids  and  polysaccharides  (gums  and  dextrans)  (5,  6)  (Fig.  1).   Although  increases  in  titratable 
acidity  and  soluble  polysaccharides  are  partially  associated  (6,  10),  it  is  the  soluble  polysaccharides 
that  can  escape  clarification  and  retard  sucrose  crystallization  (9).   This  raises  the  question  of  why 
is  titratable  acidity  used  in  determining  post-freeze  quality  (1)  rather  than  soluble  polysaccharides. 


Figure  1.     Conversion  of  sugars  in 
deteriorating  sugarcane. 


Sucrose 
Glucose  +  Fructose 


7 


\ 


Gums  & 
Dextrans 


Alcohols 


Fig.  1.   Conversion  of  sugars  in  deteriorating  sugarcane. 
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HISTORY  OF  TITRATABLE  ACIDITY 

Milling  of  sugarcane  and  production  of  granular  sugar  on  a  large  scale  in  Louisiana  date  back  to 
the  end  of  the  eighteenth  century  (4).   At  that  time  it  was  not  known  that  dextrans  and  gums  retard 
sucrose  crystallization.   It  may  be  speculated  that  an  observation  that  more  lime  was  needed  to 
neutralize  deteriorated  cane  initiated  the  evolution  of  the  use  of  titratable  acidity  to  estimate 
deterioration  of  frozen  sugarcane. 

The  procedure  as  stated  by  Meade  (12)  is  to  "pipet  10  ml  of  the  juice  into  a  porcelain  dish  or 
casserole  dilute  with  about  25  ml  of  water,  which  is  neutral  to  phenolphthalein,  add  2  to  3  drops  of 
neutralized  phenolphthalein  solution  and  then  run  into  the  mixture,  from  a  buret,  N/10  NaOH  solution 
until  there  is  evidence  of  a  pink  color.   Record  the  number  of  milliliters  of  the  alkali  used  as  the 
acidity  of  the  juice." 

It  should  be  noted  that  this  procedure  was  developed  when  cane  was  harvested  entirely  by  hand. 
The  cane,  by  today's  standards,  was  free  of  mud,  and  the  juice  was  relatively  clear. 


TECHNOLOGICAL  CHANGES 

Today  virtually  all  cane  in  Louisiana  is  mechanically  harvested.   Inadvertently,  trash  and  mud  are 
delivered  to  the  mills  and  the  mill  laboratory  routinely  gets  dirty  juice  samples.   This  is  particularly 
true  when  a  core  sampling  system  is  used.  With  dirty  samples  it  is  humanly  impossible  to  detect  color i- 
metrically  the  endpoint  of  the  phenolphthalein  titration. 

Modification  of  the  procedure  will  be  necessary  if  titratable  acidity  is  to  be  estimated  accurately 
with  mechanically-harvested  cane.   Since  it  is  not  possible  to  detect  a  colorimetric  endpoint,  electrometric 
techniques  will  have  to  be  used  to  detect  the  endpoint  of  titration.   It  should  be  emphasized  that  the 
PH  meter  would  be  used  to  determine  the  endpoint  of  titration,  not  the  pH  of  the  juice.   The  pH  of  the 
juice  is  a  measure  of  effective  acidity  and  not  total  acidity.   The  two  are  poorly  associated  (2,  9,  12). 

It  should  also  be  noted  that  when  a  pH  meter  is  used  to  determine  the  end-point  of  titration  the 
procedure  is  simplified  for  there  is  no  need  to  dilute  the  sample  (Fig.  2).   The  reason  for  diluting  the 
sample  in  colorimetric  detection  was  to  facilitate  seeing  the  color  change. 
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Fig.  2.   Acidity  of  diluted  vs.  undiluted  subsamples. 
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In  a  case  where  no  pH  meter  is  available  one  may  be  tempted  to  filter  the  sample  before  titration. 
This  practice  results  in  serious  errors  particularly  when  the  levels  of  titratable  acidity  increases 
(Fig.  3). 


Figure    3.     Acidity  of  unfiltered 
vs. filtered  subsamples. 
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Fig.  3.   Acidity  of  unfiltered  vs.  filtered  subsamples. 


The  procedure  of  determining  titratable  acidity  was  developed  for  juice  from  roller  mill  extraction. 
As  the  Louisiana  sugarcane  industry  converts  to  the  core  analysis  system  attention  will  have  to  be  paid 
to  the  relationship  between  juice  acidity  of  samples  extracted  by  roller  mills  vs.  prebreaker  press  of 
core  samples  (Fig.  4).   This  apparent  lack  of  agreement  should  be  further  investigated.   Also,  future 
studies  should  determine  the  relationship  between  titratable  acidity  and  the  levels  of  gums  plus  dextrans 
for  chipped  and  pressed  samples. 
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THE  INFLUENCE  OF  ROW  SPACING  ON  SUGARCANE  STALK 
POPULATION,  SUGAR  CONTENT  AND  CANE  YIELIF-' 

R.  J.  Matherne  and  J.  E.  Irvine 

U.  S.  Sugarcane  Field  Laboratory 

ARS,  USDA,  Houma,  LA  70361 

ABSTRACT 

The  effect  of  row  spacing  on  sugarcane  yield  was  studied  over  a  10-year  period,  using  row  spacings 
from  12  to  84  inches  apart.   Plant  population  increased  per  unit  of  area  as  the  interrow  spacing  de- 
creased.  Increases  in  plant  population  were  very  closely  associated  with  increases  in  yield  of  cane. 
Interrow  spacing  that  increased  populations  of  millable  stalks  increased  yield.   Neither  row  spacing  nor 
population  was  related  to  sugar  content.   Problems  associated  with  changing  row  spacing  in  sugarcane 
plantations  are  discussed. 

INTRODUCTION 

Temperate   zone  sugarcane  is  characterized  by  slow  early  growth  and  a  crop  life  of  8  to  10  months. 
Together  with  conventional  wide  row  spacing  and  slow  early  growth,  a  short  growing  season  promotes  in- 
efficient use  of  available  land  surface  and  light  energy.   Several  attempts  to  improve  this  efficiency 
have  been  made. 

On  the  conventional  6-ft  interrow  spacing  common  in  Louisiana,  increased  stalk  populations  were 
strongly  associated  with  increased  yields  of  sugarcane  varieties  (5).  However,  simply  planting  more 
seed  cane  in  the  furrow  failed  to  increase  populations  and  yields  (3,  6)  unless  diseased  cane  was  used  (8). 

Populations  and  yields  can  be  increased  by  planting  rows  closer  together.   This  was  first  demonstrated 
in  Louisiana  by  Stubbs  in  1890  (9),  and  has  been  repeated  there  several  times  since  (4,  6,  7),  as  well  as 
in  Argentina  (2),  Australia  (1),  and  South  Africa  (10).   In  recent  Louisiana  tests  comparing  3  and  6-ft 
row  spacings,  significant  increases  in  population  and  yield  were  obtained  with  the  closer  row  spacing  (7). 
In  11  comparisons  (four  varieties),  the  average  increase  in  yield  was  25%  with  3-ft  row  spacing.   No 
decrease  in  concentration  of  sugar  per  ton  of  cane  was  observed.   Although  yield  in  plant  cane  with  3-ft 
rows  was  50%  greater  than  that  obtained  with  6-ft  rows,  the  difference  was  not  as  great  in  stubble  crops. 
This,  and  the  difficulty  of  adapting  3-ft  spacings  to  conventional  farming  practices,  resulted  in  poor 
grower  acceptance. 

Grower  acceptance  seems  more  likely  either  if  yields  could  be  increased  even  more  or  if  a  spacing 
system  could  be  devised  that  would  be  more  compatible  with  existing  practices.   Research  has  progressed 
in  both  directions,  culminating  in  very  close  spacing  and  in  double-drill  planting.   This  report  summarizes 
10  years  of  effort  in  row-spacing  studies. 


MATERIALS  AND  METHODS 
Treatments  and  variables  of  row-spacing  experiments  are  summarized  in  Table  1. 
Table  1.   Treatments  and  variables  in  row  spacing  experiments,  Houma,  La.,  1967-1976. 


Expt. 
No. 


Interrow 
spacing 


(in.) 


2/ 


Year 
planted 


Variety 


Planting 
rate 


Replications 


36,42,72 

36,42,72 

36,72,DD72-15 

DD72-15.72 

48,72 


1967 

1969 

1970 
1971 
1072 


CP  61-37, 
CP  48-103 
CP  61-37, 
L  60-25 
CP  52-68 
CP  65-357 
CP  65-357, 
L  62-96 


(No.  stalks 
+  10%  lap) 

1.5,2 

2,3 

2 

2,4 

2,4 


Harvest  data 


PC,  1st,  2nd- 


1/ 


PC,lst,2nd^' 


PC, 1st, 2nd 
PC, 1st, 2nd 
PC, 1st 


1/ 


A  contribution  from  ARS,  USDA  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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Table  1.   (Continued) 


Expt. 
No. 


Interrow 
spacing 


Year 
planted 


Variety 


Planting 
rate 


Replications 


(in.)^ 

(No.  stalks 
+  10%  lap) 

6 

7 

DD84-30.72 
DD84-30, 

1972 
1074 

L  62-96 
CP  65-357 

2,4 
2,4 

5 
6 

8 

DD78-25,72 
12,24,36,72 

1974 

CP  65-357 

1  (2  for 
72) 

1 

DD84-25 

Harvest  data 


PC, 1st, 2nd 
PC, 1st 

PC, 1st 


-5/ Some  data  from  these  exp 
-'DD  -  double  drill,  DD72 
between  lines  on  the  row 


periments  were  previously  published  (Matherne,  1972;  Matherne,  1973). 

-15  is  a  double  drill  spacing  with  72  inches  between  row  centers  and  15  inche 


I 


Sharkey  clay. 

Tn  Experiments  1  to  7 ,  plot  sizes  were  of  unequal  area,  depending  on  treatments   Lengths  were 

In  Experiments  i  to    p  &g  ^  number  of  rowg  (3  tQ  5)  was 

rows. 

In  September  of  each  year,  millable  stalks  were  counted,  and  height  and  size  were  measured.   Plots 

of  sugar  per  ton,  and  sugar  per  acre  yields. 

RESULTS  AND  DISCUSSION 

Close  row  spacing  did  not  affect  the  sucrose  content  of  sugarcane  in  any  of  the  tests.   Samples  were 

routi  It   n     sucrose  determination  and  analyzed  in  the  standard  manner,  but  in  no  test  was  there  a 

routinely  ta  „Dacin2  0n  sucrose  content.   When  sucrose  values  were  paired  with  their  respective 

significant  effect  of  spacing  on  sucrose  cunue  observations  indicate 

population  values,  no  significant  correlation  was  found  (r  -  0.08,  n  4»; .   inese  reduction 

that,  with  the  varieties  and  conditions  of  these  tests,  closer  row  spacing  did  not  result  m  a  reduction 
in  sugar  per  ton  of  cane. 

i  j„j  ■,■„  mrar    ?n  Viarire<st<3   and  17  of  these  are  summarized 
Various  double  drill  arrangements  were  included  m  over  20  harvests,  and  U   or  t 
in  Table  2   The  wide  (84  in.)  row  allowed  an  approximate  30-inch  spacing  between  drills  on  a  ""«* 
W   Yields  were  increased  4  to  21%  (12  harvests)  with  this  arrangement,  but  the  wide  row  was  incompatible 

ment  has  been  encouraging. 

•      Tft  ,^  AR  in   pavp  hieher  vield  increases  than  did  double-drill  planting, 

The  intermediate  spacmgs,  36  and  48  in.,  gave  nigner  yieia  ±uc                    (Table  2)   and 

with  increases  from  23  to  56%.   Four  48- inch  row  spacing  tests  averaged  40  tons  per  acre  (Table  i.) ,   ana 

"ve  36-inch  tests  averaged  nearly  50  tons  per  acre.   We  cannot  visualize  an  approach  that  will  allow  3 

or  4-ft  spacings  to  be  adopted  without  major  changes  in  cultivation  and  harvesting  Procedures  A 

compromise  arrangement  combining  fixed  traffic  patterns  on  6-ft  rows  between  larger  beds  with  3  or  4  ft 
spacings  may  be  successful. 

The  greatest  yield  increases  shown  in  Table  3  were  achieved  with  rows  1  and  2  ft  apart.   ™ese 
yields  were  achieved  in  an  unreplicated  trial  planting  and  no  statistical  interpretation  can  be  made. 

The  close  association  of  high  yields  with  high  populations  is  shown  in  Fig   1.  /  g^^g*1 gf 
correlation  was  found  for  the  association  between  Populate  and  yield    -  0  96  n     ^^^  * 
1  and  2-ft  spacings  fit  a  linear  regression  line  (Fig.  1).   The  association  or  nigu   y 
row  spacing  is  also  highly  significant  (r  -  0.68,  n  -  59). 
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Table  2.   Sugarcane  yields  in  row  spacing  experiments. 


Treatment  and 
interrow  space 


Year 
planted 


(in.) 
CP  61737 
3fr^ 
42 
72 
LSD  spacing 

CP  65-357 
2  stalks 

DD72-15 

WD72-15 

72 
4  stalks 

DD72-15 

WD72-15 

72 

LSD  spacing 

LSD  rates 

CP  65-357 
48 
72 

L  62-96 
48 
72 
LSD  spacing 

L  62-96 
2  stalks 

DD84-30 

72 
4  stalks 

DD84-30 

72 

LSD  spacing 

LSD  rates 

CP  65-357 
2  stalks 


DD84-30 
DD78-25 
72 
4  stalks 


DD84 

-30 

DD78 

-25 

72 

LSD 

spacin 

LSD 

rates 

CP  65- 

357 

12 
24 
36 
72 
DD84-25 


1969 


1971 


1972 


1972 


1972 


1974 


1974 


1974 


Plant 


50.6 

44.2 

32.5 

3.5 


44 

.1 

34 

7 

35 

1 

48 

1 

42 

7 

39 

0 

4 

8 

2 

8 

41 

9 

33 

8 

43. 

4 

29. 

8 

3. 

4 

36.8 
29.0 

37.0 
30.4 

2.5 

NS 


43 

.7 

40 

.7 

33 

.3 

45 

.9 

41 

2 

37 

2 

4 

8 

3 

6 

71 

0 

62 

3 

46 

1 

35 

1 

40. 

3 

Yield  of  tons  of  cane  per  acre 


1st  stubble 


2ji|  sfubble 


43.7 

35.9 

28.2 

3.7 


34.0 
33.8 

34.4 

35.4 
35.7 
33.9 

NS 
NS 


38. 
30, 


35. 

23. 

3. 


23. 
20. 


24.9 
22.6 

NS 
NS 


44.4 
43.5 
41.3 

48.2 
45.5 
44.5 

NS 

2.6 


108.0 

102.0 

64.0 

45.0 

51.0 


43.7 

40.7 

36.1 

4.9 


30.1 
27.6 
29.1 

31.9 
28.8 
29.8 

NS 

NS 


23.5 
21.7 

24.5 
23.6 

NS 
NS 


Average 


46.0 

40.3 

32.3 

4.0 


36.1 
32.0 
32.9 

37.8 
35.7 
34.2 

NS 

3.6 


40.0 
32.2 


39.3 

26.7 

3.7 


27.8 
23.8 

28.8 
25.5 

NS 

NS 


44.0 


42 

.1 

37 

.3 

47 

0 

43 

0 

40 

8 

5 

5 

3 

1 

89 

5 

82. 

2 

55. 

1 

40. 

1 

45. 

7 

A  single  number  (72)  indicates  distance  between  row  centers  in  inches.   The  prefix  DD  indicates  double 
drill,  WD  indicates  wide  drill.   In  complex  numbers  (72-15)  the  first  number  is  the  distance  between 
row  centers  and  the  second  is  the  distance  between  lines  of  cane  on  the  row. 
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Table  3.   Average  yields  and  percent  Increases  over  standard  6-ft  rows  by  close  row  spacing,  Louisiana, 
1967-1976. . ■ ■ 


Inter row 
spacing 


Tons  of  cane/acre 
Average Range 


Increase  percent 
Average    Range 


Number  of 
harvests 


(in.) 

12 

24 

36 

48 
DD72 
DD78 
DD84 


89.5 
82.2 
49.6 
40.0 
36.1 
44.0 
34.4 


71-108 

62-102 

44-64 

35-43 

30-44 

43-44 

23-51 


123 

102-140 

105 

77-127 

35 

21-56 

32 

23-50 

10 

3-26 

18 

8-31 

12 

4-21 

2 
2 
5 
4 
3 
2 
12 
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Fig.  1.   Scatter  diagram  of  the  relationship  between  yield  and  stalk  population. 
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Radical  changes  in  farming  practices  would  be  necessary  for  the  adoption  of  1  or  2-ft  interrow 
distances.   Raised  beds  would  have  to  be  abandoned  and  flat  culture  used  in  order  to  make  furrows  deep 
enough  to  accommodate  the  seed  cane.   Preliminary  trials  have  shown  this  this  can  be  done  with  minor 
modification  of  existing  row-crop  equipment.   The  quantity  of  seed  cane  will  have  to  be  increased  two 
to  three  times.   Planted  cane  can  be  covered  by  one  of  several  techniques.   Fertilization  can  be 
accomplished  by  existing  techniques,  but  the  fertilization  rate  will  probably  have  to  be  increased. 
Herbicides  can  be  applied  by  conventional  equipment,  especially  if  wide  spray  booms  and  rigid  traffic 
patterns  are  used  to  minimize  breakage  by  ground  equipment.   Because  of  early  shading,  chemical  weed 
control  may  be  reduced.   While  the  number  of  cultivations  will  be  reduced,  effective  borer  control  will 
probably  be  more  difficult. 

Harvesting  closely  spaced  cane  remains  the  biggest  unpredictable  factor.   On  a  per  acre  basis, 
harvesting  costs  increase  as  tonnage  increases.   Costs  per  ton  of  cane  may  decrease  in  the  unlikely 
event  that  the  soldier  harvester  system  can  be  used  for  closely  spaced  cane.   Should  combine  harvesters 
be  required,  harvesting  costs  per  ton  for  closely  spaced  cane  may  double.   If  cane  to  be  combined  cannot 
be  burned  before  harvest,  ground  losses  (scrap)  will  increase  and  hauling  costs  will  increase  with 
increasing  trash  content.   It  is  not  known  if  closely  spaced  cane  on  flat  culture  can  be  harvested 
mechanically  in  wet  weather.   The  effect  of  mechanical  harvesting  on  stubbling  ability  of  closely  spaced 
cane  will  be  unknown  until  tests  have  been  harvested  mechanically  under  varied  conditions. 

The  increased  cost  of  growing  closely  spaced  cane  (2-ft  rows)  has  been  projected  as  follows: 
cost  of  land  preparation,  seed  cane  and  planting,  up  98%;  cost  of  cultural  practices,  down  6%;  machine 
and  truck  maintenance,  up  61%;  cost  of  harvesting  (combine  harvesters),  up  100%.   Assuming  no  changes 
in  the  costs  of  supervision,  management,  road  or  building  repair,  overhead  or  miscellaneous  costs,  the 
increased  cost  per  acre  of  producing  closely  spaced  sugarcane  can  be  estimated  to  be  37%  more  than  cane 
on  conventional  6-ft  rows.   The  increased  cost  is  less  than  the  return  from  increased  yield. 

In  summary,  Louisiana  farmers  can  expect  a  10%  yield  increase  with  no  additional  cost  by  using 
double-drill  planting.   Greater  yield  increases  may  be  attained  through  close  spacings  but  major  modifi- 
cations in  farm  practices  will  be  required. 
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ABSTRACT 

Six  Florida  commercial  varieties  were  sampled  biweekly  from  26  August  1975  to  17  May  1976  for 
sucrose  content,  brix,  and  purity.   Stalks  were  cut  into  three  equal  segments  and  hand  refractometer 


brix  was  obtained  at  the  midpoint  of  the  segments.   Segments  were  then  milled  to  obtain  laboratory 

analyses  on  crusher  juice.   These  data  were  used  to  compare  various  maturity  testing  schemes.   Brix 

at  the  midpoint  of  the  stalk  was  a  better  indicator  of  sucrose  content  early  in  the  season  than  top 

or  bottom  brix.   After  mid- January,  brix  of  the  different  segments  was  not  significantly  different 

from  whole-stalk  brix.   Data  suggested  that  plotting  bottom  minus  top  brix  provided  a  reasonably  accurate 

indication  of  maturity  status.   Varieties  were  mature  within  2  weeks  of  the  time  the  difference  m  brix 

in  the  bottom  minus  top  stalk  segments  equaled  zero. 

INTRODUCTION 

The  main  purpose  of  maturity  testing  is  to  provide  the  grower  with  information  to  select  fields 
for  harvest  that  maximize  total  sugar  production.   The  testing  procedure  that  is  adopted  should  be  the 
one  that  provides  adequate  information  at  minimum  cost. 

Sugarcane  accumulates  sucrose  from  the  base  of  the  stalk  to  the  top  of  the  stalk  (7)  and  is  con- 
sidered mature  when  sucrose  is  approximately  equal  throughout.   Knowledge  of  average  sucrose  content^ 
in  stalks  does  not  necessarily  indicate  degree  of  maturity  because  of  inherent  differences  among  vanetie* 
in  sucrose  content  at  maturity. 

Several  maturity  testing  schemes  have  been  proposed.   Nath  and  Kasinath  (5)  considered  sugarcane 
mature  when  top/bottom  brix  ratio  approached  unity.   Doty  (2)  recommended  sampling  at  the  point  on  the 
stalk  that  reflects  average  sucrose  content,  usually  one  to  three  internodes  above  the  mid-point. 
LeGrande  and  Martin  (4)  proposed  using  bottom  minus  top  brix  and  bottom  minus  middle  brix  together 
and  recommended  harvest  when  the  two  indices  approach  zero.   Waddell  (6)  suggested  using  the  difference 
between  brix  at  point  1/4  and  point  3/4  from  base  to  top  of  the  millable  stalk  as  an  indication  of  the 
state  of  maturity.   Smaller  differences  between  upper  and  lower  readings  indicated  greater  degree  ot 
maturity.   On  the  basis  of  cost  and  accuracy,  Julien  (3)  concluded  that  hand  refractometer  brix  at 
point  5/6  from  the  base  to  top  was  the  best  maturity-testing  index. 

This  study  was  conducted  to  obtain  information  on  sucrose  accumulation  patterns  in  six  commercial 
varieties  in  Florida  and  to  provide  data  for  comparison  of  various  maturity-testing  schemes. 

MATERIALS  AND  METHODS 

Two-row  plots  19.2  m  long  of  six  commercial  varieties,  CP  56-63,  CI  61-205,  CP  56-59,  CP  63-588, 
CP  57-603   and  CI  41-223,  were  planted  in  December,  1974.   Rows  were  1.6m  apart  with  5  m  between 
plots  to  reduce  competition  between  varieties.   There  were  two  replications  of  each  variety.   A  10-stalk 
sample  was  collected  from  each  replication  at  each  of  20  biweekly  sampling  dates  beginning  26  August 
1975  and  continuing  through  17  May  1976.   Stalks  were  cut  at  the  base,  topped  at  the  top  visible  dewlap, 
hand  stripped,  and  cut  into  three  equal  segments  after  removal  of  the  soft  joints  at  the  top  of  the 
stalk   Top,  middle,  and  bottom  segments  were  weighed  and  juice  samples  were  extracted  from  the  center 
of  stalk  segments  (i.e.,  points  1/6,  1/2,  and  5/6  along  the  length  of  stalks  from  base)  with  a  sampling 
nunch  for  brix  determination  with  a  hand  refractometer  (Fig.  1).   Stalk  segments  were  crushed  with  a 
3-roller  sample  mill  and  the  primary  juice  from  top,  middle,  and  bottom  segments  was  weighed  separately. 
Spindle  brix  and  pol  were  determined  for  juice  from  each  segment.   Whole-stalk  data  were  calculated  as 
weighted  averages  from  segment  data.   The  variety  correction  factors,  as  calculated  by  Arceneaux  (1), 
were  applied  to  determine  the  theoretically  recoverable  sugar  in  kg/tonne. 

Correlation  coefficients  among  characters  were  determined  for  each  variety  over  all  sampling  dates 
and  for  each  sampling  date  over  all  varieties. 
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Fig.  1. 


Sugarcane  stalk  showing  location  of  segments  and  points  1/6,  1/2,  and  5/6  where  hand  refrac- 
tometer  brix  was  measured. 


RESULTS  AND  DISCUSSION 

Hand  refractometer  brix  at  the  midpoint  of  the  stalk  was  the  best  estimate  of  whole  stalk  brix 
early  in  the  season  (Table  1).   By  12  January,  the  brix  of  the  three  segments  was  not  significantly 
different  from  whole  stalk  brix,  but  the  brix  of  the  bottom  segment  tended  to  be  closer  to  the  brix 
of  the  whole  stalk  than  brix  of  the  middle  or  top  segments.   These  data  show  that  if  brix  is  taken  at 
only  one  point  on  the  stalk  to  indicate  sucrose  content,  it  should  be  taken  at  the  midpoint  of  the 
stalk  early  in  the  season,  but  may  be  taken  at  any  point  on  the  stalk  later  in  the  season. 


Table  1. 


Date 


Aug.  26 
Nov.  4 
Jan.  12 
Mar.  23 
May  17 


1/ 


Whole  stalk  spindle  brix  and  hand  refractometer  brix  at  midpoint  of  stalk  segments  on  five 
dates  averaged  over  six  varieties. 


Whole 
stalk 


13.3b^/ 

17.2b 

19.8a 

20.5a 

19.7a 


Bottom 


Middle 


Top 


16.4a 
19.3a 
20.5a 
20.4a 
19.5a 


13.1b 

18.8ab 

20.8a 

20.9a 

19.8a 


6.6c 
12.9c 
20.4a 
21.4a 
20.7a 


Means  followed  by  a  common  letter  are  not  significantly  different  (.05  level)  according  Duncan's 
multiple  range  test. 


Table  2  shows  the  intensity  of  the  correlation  between  recoverable  sugar  per  ton  and  brix  at  various 
points  in  the  cane  stalks  over  all  sampling  dates  for  all  varieties.   Hand  refractometer  brix  of  the  top 
segment  was  a  better  indicator  of  recoverable  sugar  per  ton  throughout  the  season  than  brix  of  either 
the  bottom  or  middle  segment.   Except  for  variety  CP  63-588,  bottom  minus  top  brix  was  a  better  indicator 
of  recoverable  sugar  per  ton  than  bottom  minus  middle  brix  or  middle  minus  top  brix.   The  relationship 
between  spindle  brix  and  recoverable  sugar  per  ton  was  similar  to  the  relationship  between  hand  refrac- 
tometer brix  and  recoverable  sugar  per  ton,  but  the  differences  for  the  various  segments  were  not  as 
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Creat  for  spindle  brix.   These  correlations  do  not  provide  an  indication  of  maturity  status  on  a  given 
day,  but  they  do  show  a  close  relationship  between  brix  of  the  stalk  segments  and  recoverable  sugar 
per  ton  throughout  the  harvest  season. 


Table  2.   Correlation  of  sugar  per  ton  with  hand  refractometer  and  spindle  brix  in  stalk  segments  and 
difference  in  brix  among  stalk  segments  of  six  commercial  varieties. . 


Character 


CP  56-63 


CI  61-205 


Variety 


CP  63-588 


CP  56-59 


CP  57-603 


CI  41-223 


Hand  ref.  brix 
Bottom 
Middle 
Top 

Bot-Top 
Bot-Mid 
Mid  -Top 

Spindle  brix 
Bottom 
Middle 
Top 

Bot-Top 
Bot-Mid 
Mid-Top 


0.47 

0.84 

0.91 

-0.83 

-0.68 

-0.75 

0.81 

0.95 

0.91 

-0.83 

-0.83 

-0.77 


0.94 

0.90 

0.94 

-0.91 

-0.75 

-0.85 

0.90 

0.97 

0.96 

-0.92 

-0.87 

-0.83 


0.84 

0.92 

0.96 

-0.71 

-0.60 

-0.89 

0.92 

0.96 

0.98 

-0.94 

-0.87 

-0.89 


0.82 

0.90 

0.96 

-0.93 

-0.64 

-0.91 

0.95 

0.96 

0.98 

-0.96 

-0.78 

-0.93 


0.94 
0.96 
0.97 
-0.94 
-0.84 
-0.91 

0.97 

0.98 

0.98 

-0.93 

-0.90 

-0.87 


0. 

91 

0. 

96 

0. 

96 

0 

92 

0 

83 

0 

86 

0 

94 

0 

98 

0 

97 

-0 

.92 

-0 

.92 

-0 

.80 

Hand  refractometer  brix  of  top,  middle,  bottom,  and  bottom  minus  top,  along  with  recoverable  sugar 
per  ton  are  shown  for  three  varieties  at  20  sampling  dates  in  Fig.  2,  3  and  4.   These  data  show  maturity 
status  of  each  variety  at  each  sampling  date.   By  sampling  16  December,  the  brix  of  the  three  stalk 
seSents  or  CP  56-63  were  approximately  equal,  and  the  variety  would  be  judged  ready  for  harvest  by  several 
testing  schemes  (Fig.  2).   There  was  some  further  increase  in  brix  of  top  and  middle  segments  which  re- 
sulted in  a  small  additional  increase  in  recoverable  sugar  per  ton.   Also,  increase  in  purity  tended  to 
lag  increase  in  brix,  so  there  was  a  small  increase  in  recoverable  sugar  per  ton  due  to  further  increase 
in  purity  (Table  3).   By  9  March,  a  condition  of  over-ripeness  was  becoming  evident  and  continued 
throughout  the  remainder  of  the  sampling  period.   Recoverable  sugar  per  ton  decreased  about  50  kg  between 
24  February  and  17  May.   Bottom  brix  minus  top  brix  was  a  reasonably  good  indicator  of  maturity  in  this 
variety.   Harvest  could  be  recommended  within  2  weeks  after  bottom  minus  top  brix  was  zero. 
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Fig.  2.  Hand  refractometer  brix  of  bottom,  middle,  and  top  stalk  segments,  bottom  brix  minus  top  brix, 
and  recoverable  sugar/tonne  of  cane  (kg/t)  for  CP  56-63. 
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Fig.  3.   Hand  ref ractometer  brix  of  bottom,  middle,  and  top  stalk  segments,  bottom  brix  minus  top  brix, 
and  recoverable  sugar/tonne  of  cane  (kg/t)  for  CP  63-588. 


CP57-603 


22 
20 
18 
16 
14 
12 
=  10k"     '•• 


.\ 


•r? 


> 


S*~~*s 


•  / 


150 
120 


- 


p- o 


•/x' 


-2- 


x— x  TOP 

MID. 

•— •  BOT 
••••  BOT,- TOP 

0-0S/T 


90g 

ec 
U 

to 

60  o 


30 


1 L 


J L_L 


J L     1      I I I '■■'■' 


8#6 9/22    1000    11/17     12/16      i/12      2/10      3# 4/7      5/4 

SAMPLING    DATE 

Fig.  4.   Hand  ref ractometer  brix  of  bottom,  middle,  and  top  stalk  segments,  bottom  brix  minus  top  brix, 
and  recoverable  sugar/tonne  of  cane  (kg/t)  for  CP  57-603. 
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Table  3.   Purity  of  top  and  bottom  segments  of  stalks  of  3  sugarcane  varieties  at  20  biweekly  sampling 
dates  from  26  August  1975  to  17  May  1976. 


Sampling 
date 


CP  56-63 
bottom   Top 


Variety 


CP  63-588 
Bottom   Top 


CP  57-603 
Bottom   Top 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


83.2 
86.9 
89.4 
90.2 
90.3 
91.2 
92.2 
91.3 
94.6 
95.0 
92.6 
93.9 
93.1 
94.5 
93.1 
92.6 
92.0 
91.0 
86.2 
84.1 


27.8 
31.2 
42.3 
42.5 
55.9 
65.3 
71.1 
81.1 
86.5 
88.7 
89.7 
89.0 
91.6 
92.6 
92.0 
92.5 
90.7 
84.4 
83.7 
77.8 


79.1 

32.6 

85.9 

33.5 

88.1 

47.9 

89.3 

52.5 

89.0 

60.8 

90.5 

63.3 

91.9 

77.0 

89.9 

76.9 

93.3 

80.2 

94.2 

88.1 

92.9 

86.4 

94.0 

87.8 

92.9 

91.1 

93.9 

93.3 

93.5 

93.3 

93.2 

92.4 

91.5 

89.8 

92.3 

91.4 

93.8 

91.8 

92.0 

91.1 

74.9 

5.9 

79.3 

17.9 

82.4 

24.5 

79.0 

25.0 

76.4 

36.9 

83.6 

42.3 

86.0 

54.9 

85.3 

59.9 

91.5 

68.3 

93.1 

72.4 

92.6 

74.9 

92.1 

79.0 

91.8 

82.1 

91.4 

86.5 

91.8 

89.4 

91.4 

92.7 

92.5 

85.2 

91.2 

87.4 

93.0 

88.5 

92.3 

87.9 

In  variety  CP  63-588,  behavior  of  brix  in  the  stalk  segments  was  similar  to  variety  CP  56-63  (Fig.  3). 
By  12  January,  bottom  minus  top  brix  was  a  negative  value  and  remained  negative  at  all  later  sampling 
dates   CP  63-588  did  not  become  over-ripe  before  4  May  and  could  be  harvested  with  good  results  up  to 
that  time.   The  data  from  the  17  May  sampling  date  were  lower  than  those  from  pervious  sampling  dates 
and  could  be  an  indication  of  over-ripeness  starting  to  occur  in  CP  63-588  (Fig.  3). 

Brix  values  of  top,  middle,  and  bottom  segments  of  CP  57-603,  a  late  maturing  variety,  were  equal 
on  24  February.   Although  recoverable  sugar  per  ton  continued  to  increase  slightly,  bottom  minus  top 
brix  less  than  or  equal  to  zero  provided  a  reasonably  accurate  indication  that  maturity  had  been 
attained.   This  variety  did  not  become  over-ripe  by  the  end  of  the  sampling  period. 

CONCLUSIONS 

Brix  at  the  midpoint  of  the  bottom  stalk  segment  was  highly  correlated  with  recoverable  sugar  per 
ton   However,  brix  on  a  particular  day  at  one  point  on  the  stalk  is  not  a  true  indication  of  maturity 
because  it  does  not  indicate  potential  for  additional  sucrose  storage.   Difference  in  brix  at  the  mid- 
points of  the  top  and  middle  stalk  segments  does  give  an  indication  of  maturity.   When  brix  in  the  top 
and  middle  stalk  segments  is  approximately  equal,  there  is  little  potential  for  additional  sucrose 
storage.   A  small  additional  increase  in  recoverable  sugar  per  ton  can  be  expected  after  bottom  and  top 
brix  are  equal  because  of  the  lag  in  purity  as  brix  increases.   Also,  brix  of  top,  middle,  and  bottom 
segments  can  increase  slightly  after  brix  has  attained  approximate  equality  in  the  three  segments. 

Determination  of  maturity  status  can  be  achieved  with  various  methods.   Periodic  analysis  of  whole- 
stalk  crusher  juice  obtained  with  a  sample  mill  provides  an  indication  of  maturity  over  time  primarily 
because  increase  in  sucrose  content  of  upper  portions  of  the  stalk  results  in  increase  of  average  sucrose 
content  of  the  stalk.   With  this  method,  a  variety  would  be  judged  mature  when  average  sucrose  content 
did  not  increase  on  successive  sampling  dates.   Also,  purity  would  be  considered.   Brix  of  the  top  seg 
ment  of  stalks  and  analyses  of  crusher  juice  from  the  top  segment  of  stalks  provide  an  indication  of 
maturity  over  time.   But  none  of  the  above  methods  provides  a  clear  indication  of  maturity  on  a  particu- 
lar day.   Brix  at  the  midpoint  of  the  top  and  middle  stalk  segments  does  provide  an  indication  of 
maturity  at  the  time  of  sampling.   According  to  these  data,  a  variety  would  be  judged  mature  and  ready 
for  harvest  within  2  weeks  after  brix  was  equal  in  the  two  segments.   In  our  opinion,  hand  ref ra.ctometer 
brix  at  the  midpoint  of  the  top  and  middle  stalk  segments  is  a  reasonably  satisfactory  method  of  deter- 
mining maturity  considering  cost  and  information  obtained.   Some  periodic  sampling  would  be  required, 
depending  on  harvesting  arrangements. 

The  usefulness  of  maturity  testing  to  Florida  sugarcane  growers  will  be  determined  largely  by  con- 
straints imposed  by  harvesting  arrangements.   For  example,  if  a  grower's  harvesting  arrangements  are  to 
harvest  at  three  dates,  the  need  for  maturity  testing  may  be  limited  to  verifying  expected  maturity 
status  of  early,  mid,  and  late  season  varieties.   On  the  other  hand,  large  growers  who  have  the  opportunity 
to  harvest  throughout  the  season  can  use  maturity  testing  to  select  fields  for  harvest  restricted  only  by 
cost  of  moving  harvesting  equipment. 
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ABSTRACT 


Ten  stalk  samples  of  six  sugarcane  varieties  were  collected  and  milled  for  20  biweekly  intervals 
from  26 August through  17  May  in  the  1975-76  harvest  season.  Two  early,  two  mid-season,  and  two  late 
maturing varieties  were  chosen  for  a  study  of  sucrose  levels  throughout  the  milling  season. 

CI  61-205  and  CP  56-63,  the  early  maturing  varieties,  actually  reached  their  maximum  tons  per 
hectare  of  cane  (THC)  about  the  first  of  November.   However,  they  did  not  reach  their  maximum  kg  of 
sucros!  per  metri™ton  of  cane  (S/T)  and  tons  per  hectare  of  sucrose  (THS)  until  the  end  of  December. 
Z :  two  mid-"ason  varieties,  CP  63-588  and  CP  56-59,  reached  their  maximum  THC  in  mid-October  and 
maximum  S/T  and  THS  on  27  January  and  24  February,  respectively. 

The  two  late  varieties,  CP  57-603  and  Cl  41-223,  reached  maximum  THC  by  mid-December  and  mid- 
Januarv  respectively.  Cl  41-223  reached  its  maximum  S/T  and  THS  in  mid -April  and  mid-February 
respective^!  in  contrast,  CP  57-603  reached  maximum  S/T  by  mid-February  but  did  not  reach  maximum 


respectively. 

THS  until  early- May 


INTRODUCTION 


Sugarcane  varieties  that  produce  high  sucrose  levels  early  in  the  harvest  season  (late  October 
and  November  in  Florida)  are  commonly  referred  to  as  early  maturing  varieties.  Actually,  these  varie- 
ties may not  be  maSre  when  harvested,  but  may  merely  have  a  higher  sucrose  content  than  other  varie- 
ties arable  for  harvest  at  that  time.  A  variety  is  mature  when  it  has  accumulated  the  -xxmum 
sucrose  content  possible  under  a  given  set  of  environmental  conditions   Because  jf  thafive  to  six 
months  harvest  season  in  Florida,  varieties  are  needed  that  mature  at  different  ^s.^^a^re 
harvest  season.  Doty  (3)  indicated  that  if  varieties  were  harvested  in  Florida  when  truly  mature, 
profits  would  be  increased  by  10%. 

Hebert  and  Rice  (4,  5,  7)  conducted  maturity  tests  in  Florida  from  1  November  through  1  March  by 
segmenting  stalks  in  thirds  and  comparing  sugar. level  among  segments.  They  concluded  that  if  varie 
ties  had  to  be  harvested  before  they  were  mature,  a  high  percentage  of  the  top  segment  ^<  be 
removed  when  the  cane  is  harvested.  Varieties  that  mature  at  different  times  during  th ^arvest 
season  are  used  in  most  sugar-producing  countries  to  provide  high  sucrose  cane  for  the  mill  throughout 
the  milling  season. 

Chinloy  and  Innes  (2),  working  within  one  variety,  determined  that  it  was  more  ef ficient  to  sample 
stalks  from  several  stools  than  to  sample  entire  stools  to  determine  cane  maturity  and  which  field 
should  be  harvested  first.   Lingerfelt  et  al.  (6),  working  with  whole  stalk  samples,  determined  the 
time  varieties  should  be  harvested  to  obtain  maximum  sucrose  production. 

The  objectives  of  this  experiment  were  1)  to  study  the  relative  differences  in  maturity  of  two 
early,  two  mid-season,  and  two  late  maturing  sugarcane  varieties,  and  2)  to  estimate  the  amount  of 
sucrose  that  could  be  produced  with  these  varieties  at  different  harvest  dates. 

MATERIALS  AND  METHODS 

Two  replications  of  each  of  six  varieties  (CP  56-63,  Cl  61-205,  CP  56-59  CP  63-588,  CP  57-603, 
and  Cl  41-223)  were  planted  in  two-row  plots  with  two  lines  of  cane  per  row  in  December,  1974.  Rows 
were  1.6  m  apart  with  plots  19.2  m  long.  Each  two-row  plot  was  separated  from  adjacent  cane  by  at 
least  5  meters;  thus,  competition  among  varieties  was  minimal.   Stalk  number  was  recorded  prior  to  the 
beginning  of  sampling  in  late  August,  1975. 

A  10-stalk  sample  was  collected  from  each  replicate  at  each  of  the/0  bi-weekly  sampling  dates 
starting  on  26  August  1975.  Samples  were  cut  from  one  end  of  a  plot,  and  all  mature  stalks  were 
coKctld  as  thefwere  approach^  down  the  row.   Stalks  were  cut  at  the  base  topped  at  the  top  visible 
dewlap,  and  hand  stripped.  Each  sample  was  weighed  and  crushed  in  a  three-roller  sample  mill  with 
hySauiic  pressure  on  She  top  roll.  Cane  yields  per  hectare  (THC)  were  estimated  by  ^"plying 
together  the  stalk  numbers  counted  in  August,  the  average  stalk  weights  at  each  sampling  date,  and  the 
appropriate  area  factors.  A  series  of  regression  analyses  based  on  successively  higher  order  polynomial 
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models  was  used  to  calculate  prediction  equations  for  THC  until  deviations  from  regression  were  no 
longer  significant  (8). 

Brix  was  taken  by  spindle;  pol  was  determined  in  an  automatic  polarimeter  after  clarification  with 
dry  lead  sub-acetate.   The  variety  correction  factor  (VCF)  as  modified  by  Arceneaux  (1)  was  applied  for 
each  of  these  clones  to  determine  theoretical  recoverable  sugar  in  kilograms  per  metric  ton  of  cane 
(S/T).   Yields  per  hectare  of  sucrose  (THS)  were  estimated  by  multiplying  the  apparent  sucrose  content 
by  the  predicted  yields  from  the  regression  curve  for  each  variety  at  each  sample  date. 

Data  on  S/T  and  THS  were  analyzed  as  a  randomized  block  design  with  two  replications  at  each  of 
the  20  sampling  dates.   Data  were  analyzed  within  varieties,  so  the  only  comparisons  that  are  valid 
are  dates  within  a  variety.   Duncan's  multiple  range  test  was  applied  within  each  variety  to  determine 
significant  differences  in  sucrose  content. 


RESULTS  AND  DISCUSSION 


Mean  estimates  of  cane  yield  (metric  tons  per  hectare)  for  six  varieties  at  each  of  the  20 
sampling  dates  are  presented  in  Fig.  1.   The  increase  in  cane  tonnage  from  the  initial  sampling 
period  until  about  3  November  was  due  primarily  to  continued  growth  of  the  cane.   Most  varieties  had 
a  period  from  early  November  to  early  April  when  little  growth  occurred.   However,  CP  56-59  started 
growing  again  in  mid- January  and  increased  in  yield  until  mid-April.   Most  varieties  resumed  growth 
about  mid-March.   The  growth  rates  (as  measured  by  increasing  cane  tonnage)  varied  among  varieties, 
with  CP  63-588,  CP  56-59,  and  CP  57-603  having  the  highest  increase  in  cane  tonnage  in  the  spring. 
Three  of  the  varieties,  CP  56-63,  Cl  61-205,  Cl  41-223,  produced  approximately  the  same  amount  of  cane 
at  about  85  to  95  tons  per  hectare.   The  two  mid-season  varieties,  CP  63-588  and  CP  56-59,  produced 
about  120  to  135  tons  of  cane  per  hectare  on  the  average.   CP  57-603  was  the  highest  yielding  variety 
of  the  six  tested,  producing  about  150  tons  of  cane  per  hectare. 
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SAMPLING  DATE 
Figure  1.  Yields  of  cane  (t/ha)  as  estimated  by  regression  equations  for  six  varieties  at  each  of  20 
sampling  dates. 
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Table  1.   Regression  equations  for  estimating  cane  yields  for  6  varieties  at  20  sampling  dates. 
Variety Regression  equation 


CP  56-63 
Cl  61-205 
CP  63-588 
CP  56-59 
CP  57-603 
Cl  41-223 


Y  =  57.212  +  10.455X  -  0.847X2  +  0.025X3 

Y  =  53.797  +  7.069X  -  0.516X2  +  O.013X3 

Y  =  76.899  +  12.949X  -  1.185X2  +  0.033X3 

Y  =  74.350  +  22.726X  -  3.525X2  +  0.225X3  -  0.005X4 

Y  =  97.000  +  15.700X  -  1.306X2  +  0.035X3 

Y  =  64.186  +  4.238  -  0.148X2 


Mean  estimates  of  apparent  sucrose  content  for  six  varieties  at  each  of  20  sampling  dates  are 
shown  in  Table  2.   Sucrose  content  was  much  less  variable  than  stalk  weight;  therefore,  apparent  sucrose 
values  were  much  less  variable  than  cane  yield  estimates.   Early  maturing  varieties  are  usually  harvested 
from  late  October  to  early  December.   However,  as  shown  in  Table  2,  the  "early  maturing  varieties  were 
not  mature  before  the  end  of  December,  although  they  were  higher  in  sucrose  than  other  available  varie- 
ties in  October  and  November.   Mid-season  maturing  varieties  usually  are  harvested  in  December  and 
January,  but  these  data  indicate  that  neither  CP  63-588  nor  CP  56-59  was  mature  before  the  end  of 
January.   The  late  maturing  varieties,  CP  57-603  and  Cl  41-223,  were  mature  by  the  first  week  in 
February.   Therefore,  there  was  little  actual  difference  in  time  of  maturity  of  the  mid-season  and 
late  maturing  varieties  in  this  test. 

Table  2.   Mean  estimates  of  apparent  sucrose  content  (kg  per  metric  ton)  of  6  varieties  at  each  of  20 


samp 11 

Sampling 
date 

ns  uaLes. 

Varie 

ties 

CP  56-63 

Cl  61-205 

CP  63-588 

CP  56-59 

CP  57-603 

Cl  41-223 

Aug. 
Sept 

26 

65.01  h* 

61.20 

i 

54.60  k 

54.06  1 

36.50 

i 

51.42  i 

9 

78.71  g 

82.98 

h 

73.86  j 

62.87  k 

52.56 

h 

62.80  h 

23 

87.59  fg 

90.52 

Rh 

86.33  i 

79.63  ij 

66.77 

gh 

68.23  h 

Oct. 

7 

94.79  ef 

99.56 

ffc 

90.66  i 

78.40  j 

56.29 

h 

75.97  g 

20 

100.85  cdef 

104.35 

ef 

98.10  h 

85.14  hi 

58.43 

h 

81.73  g 

Nov. 

4 

107.14  cde 

112.14 

e 

104.10  h 

90.61  gh 

74.88 

tg 

92.00  f 

17 

110.60  c 

122.11 

d 

113.88  g 

94.47  g 

85.29 

f 

97.19  f 

Dec . 

2 

124.02  b 

128.82 

cd 

116.41  fg 

103.31  f 

85.98 

f 

105.65  e 

16 

131.66  ab 

134.98 

be 

122.15  ef 

113.91  e 

105.57 

e 

120.30  d 

30 

137.75  ab 

141.37 

ab 

132.40  bed 

120.51  d 

111.97 

de 

128.65  c 

Jan. 

12 

136.75  ab 

142.09 

ab 

131.04  cd 

120.11  de 

114.95 

cde 

131.02  be 

27 

138.20  ab 

141.80 

ab 

136.01  abc 

122.15  cd 

119.11 

bede 

128.77  c 

Feb. 

10 

140.92  a 

145.14 

ab 

138.64  abc 

126.43  abed 

124.48 

abed 

133.35  abc 

24 

141.15  a 

144.92 

ab 

139.94  ab 

130.44  a 

125.79 

abed 

134.57  abc 

9 

136.57  ab 

148.99 

a 

141.25  a 

129.25  ab 

130.58 

abc 

135.59  abc 

23 

136.85  ab 

145.99 

a 

136.63  abc 

130.53  a 

133.86 

ab 

135.75  abc 

Apr. 

7 

135.25  ab 

145.15 

ab 

136.87  abc 

128.08  abc 

135.08 

ab 

137.95  ab 

20 

125.49  b 

146.03 

a 

138.60  abc 

122.78  bed 

134.77 

ab 

139.01  a 

May 

4 

108.80  cd 

145.57 

ab 

140.09  ab 

129.02  abc 

139.83 

a 

133.88  abc 

17 

95.34  def 

145.79 

a 

127.50  de 

126.38  abed 

134.59 

ab 

140.63  a 

*Means  within  a  column  followed  by  a  common  letter  are  not  significantly  different  (5%  level)  according 
to  Duncan's  multiple  range  test. 

If  sugarcane  is  harvested  too  long  after  maximum  sucrose  content  has  been  attained,  a  loss  of 
sucrose  may  occur.   In  this  test,  over-ripeness  occurred  in  CP  56-63.   Optimum  harvest  time  for  CP  56-63 
was  16  December  to  7  April.  After  that  time,  the  amount  of  recoverable  sucrose  decreased  markedly. 
Over-ripeness  also  occurred  in  CP  63-588  on  the  17  May  sampling  date.   The  other  varieties  tested 
maintained  their  sucrose  level  through  the  17  May  sampling  date.   Cl  61-205  had  the  highest  sucrose 
content  at  maturity  in  this  experiment.   When  CP  56-63,  CP  63-588,  CP  57-603  and  Cl  41-223  were  mature, 
they  contained  about  5  to  10  kg  less  sucrose  than  Cl  61-205.   CP  56-59  had  the  lowest  sucrose  content 
at  maturity  of  the  varieties  tested. 

The  optimum  time  to  harvest  the  varieties  tested  based  on  maturity  would  be  as  follows:  CP  56-63 
between  16  December  and  7  April,  Cl  61-205  between  30  December  and  17  May,  CP  63-588  between  27  January 
and  4  May,  CP  56-69,  CP  57-603,  and  Cl  41-223  between  10  February  and  17  May. 
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Estimated  yields  of  apparent  sucrose  of  six  varieties  at  each  of  20  sampling  dates  are  presented 
in  Fig.  2.   The  data  in  Fig.  2  are  the  product  of  tons  of  cane  per  hectare  times  kg  apparent  sucrose 
per  ton  of  cane.   These  values  show  that  CP  56-63,  Cl  61-205,  Cl  41-223,  and  CP  63-588  reached  their 
maximum  yields  by  30  December.   CP  56-59  which  has  been  classified  as  a  mid-season  variety  did  not 
produce  maximum  sucrose  until  mid-March.   The  late  maturing  variety,  CP  57-603,  continued  to  increase 
in  THS  throughout  the  sampling  period. 
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The  maximum  sucrose  yield  is  seldom  obtained  from  early  maturing  varieties.   They  are  utilized 
primarily  to  start  the  mill  in  late  October  and  November  because  they  have  a  higher  sucrose  content 
than  other  varieties  at  that  time.   For  example,  on  4  November  CP  56-63  and  Cl  61-205  both  produced 
less  sugar  per  hectare  than  did  CP  63-588,  CP  56-59  and  CP  57-603.   However,  the  latter  three  varieties 
may  not  be  as  desirable  for  milling  because  of  their  lower  sucrose  contents  at  this  time.   By 
12  January,  the  relative  differences  in  sucrose  content  among  varieties  was  not  as  important  because 
even  CP  57-603,  the  variety  with  the  lowest  sucrose  content  on  that  date,  contained  115  kg/t.   These 
differences  are  reflected  in  Fig.  2  which  shows  that  the  two  early  maturing  varieties  with  reduced 
tonnages  produced  less  than  12,000  kg/ha  of  sucrose  on  12  January,  while  the  two  mid-season  varie- 
ties produced  at  least  2,000  kg  per  hectare  more  sugar,  and  CP  57-603,  the  variety  with  the  lowest 
sucrose  content  at  this  date,  produced  almost  6,500  kg/ha  more  sucrose  than  did  the  two  early  matur- 
ing varieties.  At  this  date,  Cl  41-223  produced  approximately  the  same  amount  of  sucrose  per  hectare 
as  did  the  early  maturing  varieties.   Two  months  later,  on  9  March,  the  early  maturing  varieties  were 
still  producing  about  12,000  kg  of  sucrose  per  hectare  while  the  mid-season  and  late  maturing  varie- 
ties had  continued  to  increase  in  sucrose  content.   By  that  time,  CP  56-59  was  producing  about  4,500 
kg  of  sucrose  per  hectare  more  than  the  two  early  maturing  varieties  while  CP  63-588  and  CP  57-603 
were  producing  approximately  6,000  kg  per  hectare  more.   The  maximum  sugar  per  hectare  in  this  experi- 
ment was  produced  by  harvesting  CP  57-603  on  4  May. 

These  data  show  that  even  though  a  cane  produces  high  sucrose  content  or  high  tonnage,  either 
of  these  factors  alone  may  not  be  enough  to  justify  planting  a  variety.   Rather,  the  factors  to  be 
considered  in  choosing  varieties  for  commercial  planting  are:   1)  sucrose  concentration  at  the 
anticipated  harvest  date,  2)  potential  THS  yields  available  with  the  variety,  and  3)  the  number  of 
hectares  of  the  variety  needed  to  supply  a  given  mill  quota. 
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FLAME  CULTIVATION  COMPARED  WITH  MSMA  FOR  CONTROL, 
OF  ITCHGRASS  (ROTTBOELLIA  EXALTATA)  IN  SUGARCANE- 

R.  W.  Millhollon 

Science  and  Education  Administration,  USDA 

Houma,  Louisiana   70361 

ABSTRACT 

A  flame  cultivator  utilizing  commercial  flat  burners  and  propane  fuel  was  used  in  sugarcane 
(Saccharum  interspecific  hybrids)  to  flame  either  a  24-in,band  over  the  sugarcane  drill  or,  after  the 
last  cultivation,  a  60- in. area  over  the  entire  row.   Operating  the  flame  cultivator  at  3  mph  with  a  40 
psi  gas  pressure  to  the  burners  was  judged  one  of  the  better  combinations  of  speed  and  pressure  for 
effective  itchgrass  control  and  safety  to  sugarcane.   Flame  provided  about  88%  control  of  itchgrass 
about  4  inches  tall,  whereas  monosodium  methanearsonate  (MSMA)  at  2.5  or  3.5  lb/A  provided  about  99% 
control.   Sugarcane  yields  were  not  reduced  significantly  below  the  yield  of  a  hoed  check  by  either  the 
flame  or  MSMA  treatments. 

INTRODUCTION 

Itchgrass  is  a  severe  weed  pest  of  sugarcane  in  Louisiana  because  it  germinated  periodically  through- 
out the  growing  season,  competes  intensively  with  sugarcane,  and  is  not  controlled  effectively  by  many 
of  the  available  herbicides  (2,  4).   The  organic  arsenicals,  including  MSMA,  are  highly  effective  as  foliar 
treatments  for  the  control  of  large  or  small  itchgrass  plants  (2) .   MSMA  has  also  been  effective  for 
selective  control  of  rhizomatous  johnsongrass  (Sorghum  halepense  (L.)  Pers.)  in  sugarcane  (3).   However, 
as  of  January  1,  1978,  MSMA  was  not  registered  by  the  Environmental  Protection  Agency  for  use  in  sugarcane. 

Flame  cultivation  is  commonly  used  in  many  crops  to  control  weeds  and  it  has  been  used  experimentally 
to  control  johnsongrass  in  sugarcane  (1).   The  development  of  the  flat  burner,  which  utilizes  liquefied 
petroleum  (L-P)  gases  and  produces  a  relatively  short,  flat  flame  that  stays  near  the  surface,  has  greatly 
extended  the  use  of  the  flame  cultivator  (5).   Traditionally,  however,  flame  cultivation  has  not  been 
used  extensively  for  weed  control  in  sugarcane. 

In  this  study  flame  cultivation  was  compared  with  MSMA  treatments  to  determine  the  feasibility  of 
using  flame  to  control  itchgrass  in  sugarcane. 

MATERIALS  AND  METHODS 

For  the  flame  treatments  a  commercial  flame  cultivator  equipped  with  AFCO  burners  was  mounted  on 
a  high-clearance  tractor.   The  burners  were  of  the  flat,  self-vaporizing,  venturi  type.   Propane  was  used 
as  fuel  with  gas  pressure  to  the  burners  controlled  with  a  pressure  regulator  and  pressure  gauge.   Cross 
flaming  was  utilized  to  flame  a  24-in.  band  over  the  sugarcane  drill  by  placing  one  burner  on  each  side  of 
the  row  with  the  fire  aperture  of  the  burner  about  6  in.  above  and  at  a  45  angle  to  the  top  of  the  bed  and 
about  14  inches  from  the  sugarcane  shoots.   The  burners  were  staggered  to  prevent  clashing  of  the  flame 
from  opposite  burners.   To  flame  the  entire  row  about  60  in, wide,  two  additional  burners,  making  a  total  of 
6  burners  per  row,  were  placed  parallel  to  the  row  on  each  side  of  the  bed.   These  parallel  burners  faced 
to  the  rear  of  the  cultivator  at  a  45   angle  to  the  sides  of  the  bed. 

Field  experiments  were  conducted  on  cultivar  CP  52-68  sugarcane  on  silt  loam  near  Houma,  Louisiana 
in  1965  and  at  Breaux  Bridge,  Louisiana  in  1966.   Both  sites  were  heavily  infested  with  itchgrass. 

The  first  field  experiment  was  a  non-replicated  study  to  determine  the  general  characteristics  of 
the  flame  cultivator  in  controlling  itchgrass  and  injury  to  sugarcane.   The  flame  cultivator  was  operated 
at  2  or  3  mph  and  at  gas  pressures  to  the  burners  of  15  to  40  psi. 

In  the  second  field  experiment  all  plots  including  the  check  were  treated  in  March  and  again  in  April 
with  a  standard  preemergence  treatment  of  a  mixture  of  the  sodium  salt  of  trichloroacetic  acid  (TCA)  at 
10  lb/A  and  2-(2,4,5-trichlorophenoxy)  propionic  acid   silvex)  at  3  lb/A.   Postemergence  treatments  with 
flame  or  MSMA  were  then  applied  as  needed  whenever  itchgrass  was  about  4  in. tall. 
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The  postemergence  treatments  were  arranged  in  a  split-plot  design  with  subplots  (17  x  45  ft)  in 
The  postemergence  ere        reDlicates   Hoed  (weed-free)  and  nonhoed  treatments  were  assigned 
randomized  complete  blocks  with  5  replicates,   aoea  (  '  &  ds  of  2  or  3  mph. 

gal/A  was  the   iluent  for  all  herbicidal  sprays. 

RESULTS  AND  DISCUSSION 


Table 
number  of 
at  either 
increases 
a  speed  of 
caused  mor 
flame  trea 
and  single 


1  shows  the  general  interrelationships  among  tractor  speed,  gas  pressure  to  the  burners   and 
consecu  ive  fKme  treatments  in  controlling  itchgrass  and  injury  to  sugarcane.   Control  of itchgrass 
2  or  3  mph  increased  as  gas  pressure  increased  from  15  to  40  psi.  J™™^**V^  *™^J 
the  total  amount  of  heat  output  rather  than  increasing  the  temperature.   At  the  40  psi  P^ssure, 
TmPh  gave  slightly  better  itchgrass  control  than  a  speed  of  3  mph,  but  the  slower  speed  also 
e  inSrv  to  the  sugarcane.   Dual  flame  treatments  were  more  injurious  to  sugarcane  than  single 
tments   particularly  at  the  40  psi  pressure.   Based  on  these  results,  we  used  the  40  psi  pressure 
'a  at  both  theP2  and  3  mph  speeds  for  further  study  in  the  second  experiment. 


Table  1   Effect  of  flame-cultivator  calibration  and  number  of  consecutive  treatments  on  control  of 
' itchgrass  about  4  in.  tall  and  iniurv  to  sugarcane.  . _ 


Flame-cultivator 
variables 


Speed 
(mph) 


Gas  pressure 
(psi) 


15 
15 
15 
15 
25 
25 
25 
25 
40 
40 
40 
40 


Times 

treated 

(No.) 


Itchgrass 

control 

(%) 


90 

90 

60 

80 

92 

100 

65 

85 

100 

100 

90 

99 


No.  sugarcane 
leaves  severely 

injured 
(%  of  total  no.) 

7 
25 

4 

7 
28 
45 
28 
35 
55 
75 
30 
65 


higher  speed  would  reduce  the  operating  cost. 


Table  2. 


Control  of  itchgrass  with  postemergence  applications  of  MSMA  and  flame. 


Treatment 


Itchgrass  control  after  treatment  on: 
May  27  July  15 

(%) in 


MSMA  -  2.5  lb/A 
MSMA  -  3.5  lb/A 
Flame  -  3  mph 
Flame  -  2  mph 
None 


100 

100 

88 

84 


& 


Itchgrass  infestation  on  the  24-inch  treated  band  was  42  plants/100  sq.  ft. 
Itchgrass  infestation  on  the  5-foot  width  of  treated  row  was  12  plants/100  sq.  It. 


99 
99 
87 

90 


& 
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The  MSMA  and  flame  treatments  did  not  significantly  affect  the  yield  of  sugarcane  as  shown  by  the 
yields  in  plots  that  were  also  hoed  to  maintain  them  weed-free  (Table  3).   These  treatments,  however 
did  not  increase  yields  in  the  nonhoed  plots.   The  early  season  control  of  itchgrass  by  preemergence' 
treatments  apparently  delayed  weed  competition  long  enough  to  prevent  a  loss  in  yield.   Even  though  the 
late-germinating  itchgrass  did  not  affect  yields,  control  of  these  plants  was  needed  to  prevent  the 
production  of  new  seed. 

Table  3- Yield  of  sugarcane  as  affected  by  MSMA  and  flame  in  combination  with  hoeing  treatments. 

Herbicide  or                         Yield^  by  hoeing  treatment  Mean 

flame  treatment                           None            Hoed-  yield-^ 

— (T/A) (T/A)    (T/A) 

MSMA  -  2.5  lb/A  26  26  26 

MSMA  -  3.5  lb/A  26  25  26 

Flame  -  3  mph  27  27  27 

Flame  -  2  mph  27  26  27 

None  27  27  27 


-u 


Mean-  "    27  26 


-  Yields  were  not  significantly  different  at  the  5%  level  of  significance  as  determined  by  an  analysis 
2/Of  variance. 

—  Plots  maintained  weed-free  throughout  the  growing  season. 

Fuel  is  the  primary  expense  in  operating  a  flame  cultivator,  and  the  price  of  propane  has  increased 
substantially  in  recent  years.   If  cost  of  propane  is  $0.50/gal,  and  3  to  4  gal/A  of  propane  are  needed 
to  flame  a  24-in.  band  (2  burners  per  6-ft  row),  the  fuel  cost  for  flaming  would  be  $1.50  to  $2.00/A 
per  treatment.   At  this  cost,  flame  cultivation  compares  favorably  with  the  cost  of  herbicides  that  could 
be  used  to  provide  a  similar  degree  of  control. 
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CONTROLLING  ASTER  LATERIFLORA  IN  SUGARCANE 

R.  W.  Millhollon 

U.  S.  Sugarcane  Field  Laboratory 

Agricultural  Research  Service 

USDA 

Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

Aster  lateriflora  (L.)  Britt.,  a  perennial  broadleaves  weed,  began  invading  sugarcane  fields 
about  1972,  and,  because  the  seed  is  carried  by  wind,  has  spread  rapidly  throughout  the  sugarcane 
and  non-cropped  areas  of  southern  Louisiana.   Investigations  showed  that  the  weed  was  becoming  a 
problem  in  sugarcane  fields,  primarily  because  it  is  not  controlled  by  2,4-0.   Several  herbicides 
were  evaluated  as  foliar  treatments  by  spraying  the  spring  growth  of  Aster  in  April  or  May.  The 
average  control  in  four  experiments  were:   silvex,  at  2  lb  per  acre,  55%;  dicamba,  at  2  lb  per  acre, 
m,   asulam,  at  4  lb  per  acre,  45%;  picloram,  at  1  lb  per  acre,  87%;  and  2  4-D,  at  2  lb  per  acre  5/.. 
The  average  control  in  two  experiments  were:  silvex,  at  1  lb  per  acre,  15%;  dicamba,  at      P 
acre  ■  55%;  a  mixture  of  asulam,  at  3  lb  per  acre,  and  silvex,  at  1  lb  per  acre,  63^  a  mixture  of 
asulam,  at  3   S  per  acre,  and  silvex,  at  2  lb  per  acre,  77%;  DOWCO-233  (3,5,6-trichloro-  -pyridyloxy- 
acetic  acid)  ,  at  1  lb  per  acre,  46%;  DOWCO-233,  at  2  lb  per  acre,  76%;  and  a  commercial  formulated 
mixture  of  2, 4-D,  at  2  lb  per  acre,  mecoprop,  at  1  lb  per  acre,  and  dicamba  at  0.2  lb  per  acre 
41%   Most  herbicide  treatments  which  gave  about  50%  or  more  control  stunted  Aster  plants,  so  that 
they  remained  relatively  small  during  the  growing  season  and  produced  few  flowers. 


^ly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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CONTROLLING  EQUISETUM  PREALTUM  RAP.  IN  FIELD 
DRAINAGE  DITCHES  OF  SOUTHERN  LOUISIANA1 

R.  W.  Millhollon 

U.  S.  Sugarcane  Field  Laboratory 

Agricultural  Research  Service 

USDA 

Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

Equisetum  is  perennial  weed  that  grows  in  damp  soil  and  reproduces  from  both  spores  and  rhizomes. 
In  recent  years,  it  has  become  a  problem  in  drainage  laterals  in  sugarcane  and  other  crops  in  southern 
Louisiana,  because  the  dense  vegetative  growth  impedes  the  flow  of  water  through  these  laterals.   The 
USDA  conducted  field  experiments  to  evaluate  several  herbicides  for  Equisetum  control;  the  herbicides 
were  divided  into  two  groups,  i.e.  those  that  kill  weeds  at  relatively  low  rates  when  applied  to  weed 
foliage,  and  those  that  sterilize  the  soil  when  used  at  high  rates.   The  four  herbicides  asulam,  at 
4  lb  per  acre,  glyphosate,  at  6  lb  per  acre,  amitrole,  at  4  lb  per  acre,  and  picloram,  at  1  lb  per  acre, 
when  applied  as  low-rate  foliage  treatments,  were  not  effective.   The  four  herbicides  bromacil, 
tebuthiuron,  sodium  chlorate  and  DPX  3674  (3-cyclohexyl-6- (dimethylamino)-l-methyl-l ,3 ,5-triazine-2 ,4 
(1H,  3H)-dione),  when  applied  as  soil  sterilants,  were  more  effective.   Bromacil  and  tebuthiuron, 
applied  at  15  to  30  lb  per  acre,  and  DPX  3674,  at  10  to  20  lb  per  acre,  gave  excellent  control.   Sodium 
chlorate,  at  600  lb  per  acre,  gave  only  about  50%  control. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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THE  EFFECT  OF  LOW  TEMPERATURE  ON  FLOWERING 


1 


OF  SUGARCANE  IN  LOUISIANA  IN  1976 

Dr.  Elias  D.  Paliatseas 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 


ABSTRACT 


The  flowering  of  sugarcane  was  greatly  affected  by  temperature  in  the  low  40' s  (Fahrenheit)  that 
prevailed  in  October,  1976.   By  controlled  photoperiodic  treatments,  all  stages  of  flowering  in  sugarcane 
could  be  made  to  occur  in  September  and  October.   These  stages  included  flower  initiation,  flower 
eloneation,  the  last  leaf  stage  and  flower  emergence.   Only  flower  elongation  and  the  last  leaf  stage 
were  affected  by  low  temperatures  in  October,  1976.   The  flowering  stalks  of  25  sugarcane  varieties 
died  at  the  elongation  or  the  last-leaf  stage,  due  to  temperatures  in  the  low  40' s.   The  flowering  stalks 
of  10  other  sugarcane  varieties  were  unaffected  at  the  initiation  or  the  vegetative  stage  by  the  low 
temperatures  experienced  in  October,  1976.   A  determined  number  of  stalks  from  each  of  these  10  varieties 
were  moved  into  the  greenhouse  on  December  15,  1976,  and  on  January  15,  1977.   Flowering  was  depressed 
in  those  cane  stalks  moved  into  the  greenhouse  on  December  15,  1976.   In  contrast,  flowering  was  promoted 
in  those  cane  stalks  that  were  moved  into  the  greenhouse  on  January  15,  1977.   The  temperature  and  photo- 
period  were  kept  constant  inside  the  greenhouse  during  December,  1976,  and  January,  1977.   Therefore, 
the  differences  in  flowering  could  be  due  to  other  factors,  such  as  light  intensity  or  quality. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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SUGARCANE  VARIETY  TESTING  IN  TEXAS1 

Sim  A.  Reeves 
Texas  Agricultural  Experiment  Station 
Weslaco,  Texas 

ABSTRACT 

A  sugarcane  industry  was  established  in  Texas,  in  1972,  based  upon  seven  sugarcane  varieties 
that  had  shown  good  yields  and  high  sugar  contents  in  early  research  test  trials.  Since  most  of  the 
varieties  imported  into  Texas  have  been  either  a  commercial  variety  or  a  variety  in  the  advanced 
testing  stage  in  other  sugarcane -growing  areas,  it  is  necessary  that  each  variety  receive  a  fair 
evaluation  before  being  discarded.  Because  continuous  and  progressive  evaluations  of  new  sugarcane 
strains  from  breeding  programs  is  essential  to  the  growth  and  prosperity  of  the  Texas  industry,  a 
new  sugarcane  variety-testing  program  was  initiated  in  1975.  Up  until  that  time,  the  number  of  new 
varieties  each  year  was  small  and  easy  to  handle.  A  six-stage  program  has  been  set  up  for  variety 
evaluation:   Stage  I,  imported  varieties  are  planted  in  quarantine  at  College  Station;  Stage  II, 
varieties  are  moved  from  College  Station  to  the  Rio  Grande  Valley  of  Texas;  Stage  III,  varieties 
having  sufficient  seed  cane  are  planted  into  a  small  replicated  test;  Stage  IV,  the  varieties 
selected  from  the  Stage  III  program  are  planted  in  four  different  areas  of  the  Valley  in  different 
soil  types;  Stage  V,  the  selected  varieties  from  Stage  IV  are  planted  in  a  replicated  test  at  four 
locations  on  different  soil  types;  Stage  VI,  varieties  selected  for  release  to  the  growers  are 
planted  at  one  location  and  a  mill  run  is  made  to  determine  milling  qualities.  The  variety  is  then 
released  to  the  growers  for  production. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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MATURITY  STUDIES  OF  SUGARCANE  VARIETIES  IN  FLORIDA 

Edwin  R.  Rice 

USDA,  ARS 

Canal  Point,  Florida 


ABSTRACT 


The  Florida  sugarcane  industry  needs  varieties  high  in  sucrose  throughout  the  harvest  season, 

vieldS  208  9  lb  of  sugar  on  November  1  and  increased  to  244.6  lb  on  March  1.   Al 1  varieties  av eraged 
Xs  sugar  per  ton  of  cane  in  the  second-stubble  crop  than  in  the  plant-cane  and  first-stubble  crops 
Suse8of  the  severe  freezes  in  January  1977.   CP  65-357  yielded  more  sugar  per  ton  rf  cane  on  March  1 
than  the  other  varieties  following  the  damaging  temperatures  in  the  second-stubble  crop. 

INTRODUCTION 

Varieties  play  an  important  role  in  the  successful  production  of  sugarcane  in  Florida   Varieties 
are  nleded  that  mature  at  different  times  throughout  the  harvest  season,  which  normally  extends  from 
Zte   October  to  early  April.   A  knowledge  of  the  changes  in  juice  quality  of  each  variety  during  this 
JerLa  is  extremely  important  to  the  grower  and  processor;  this  is  particularly  true  after  mature  cane 
has  been  damaged  by  low  temperatures  as  occurred  in  January  1977.   A  program  of  testing  promising 
vSietSs  for  maturity  date  has  been  conducted  for  several  years  (3,  4,  6).   The  purpose  of  this  paper 
is  to  report  the  latest  results  of  that  program. 

TEST  PROCEDURES 

An  experiment  designed  to  measure  the  relative  maturity  qualities  of  seven  varieties  was  conducted 
on  TeSaTia  muck  at  Hatton  Bros,  farm  during  the  1974,  1975,  and  1976  harvest  season,   J^8"8' 
farm  is  located  11  miles  southeast  of  Lake  Okeechobee.   The  commercial  variety  CP  63-588  and  six 
promiiing  experimental  varieties,  CP  65-357,  CP  68-1020,  CP  68-1022,  CP  68-1026,  CP  8-1067,  and 
CP  68-1145  were  planted  in  a  randomized  block  design  on  November  9,  1973.   The  varieties  CP  65-357, 
CP  68-026  ana  CP  68-1067  were  released  for  commercial  production  in  Florida  in  1975   The  main  plots 
of  the  experiment  were  three  rows  wide  and  30  ft  long,  with  three  replications  of  each  variety.   Row 
widtn  was  the  standard  5  ft.   Each  plot  was  subdivided  into  five  6-ft  plots  for  the  five  dates  of 
Sampling   A  different  row  was  sampled  in  each  of  the  three  crops  (plant  cane,  first  and  second  stubble), 
this  eliminated  bias  associated  with  time  of  harvesting  during  the  previous  crop.   The  margins  around  the 
PvnerSental  Plots  were  buffered  to  eliminate  border  effects  and  mechanical  damage,  but  individual  3-row 
Plots  were  not  butfered.   Two  lines  of  seed  cane  were  planted  in  each  furrow.   Fertilizing,  cultivating, 
controlling or  insects  and  rodents,  burning,  loading,  and  hauling  were  done  according  to  established 
Station  practices  for  adjacent  commercial  fields.   There  were  no  drainage  or  irrigation  problems. 
Tne mat!"  cane  was  not  damaged  by  freezing  temperatures  during  the  plant  cane  and  first  stubble  crops, 
but  the  second  stubble  was  severely  damaged  (2) . 

Fifteen  representative  stalks  were  cut  by  hand  from  each  1-row  plot  on  or  near  the  first  day  of 
November.  December.  January,  February,  and  March  in  each  of  the  three  harvest  seasons. 

Crusher  juice  was  analyzed  for  brix  and  apparent  sucrose.   Indicated  yields  of  sugar  per  ton  of  cane 
were  calculated  with  the  Winter-Carp-Geerligs  formula  as  simplified  by  Arceneaux  (1). 

Data  were  analyzed  as  a  two  factor  factorial  (varieties  x  sampling  dates).   The  means  were  compared 
by  Duncan's  multiple  range  test. 

RESULTS  AND  DISCUSSION 

Average  yields  of  sugar  per  ton  of  cane  for  plant  cane  and  first  stubble  increased  from  about  200  lb 
on  November  1  to  about  245  lb  on  March  1  (Tables  1  and  2).   Second-stubble  sugar  yields  on  November  1 
and  December  1  were  about  25  lb  higher  than  in  the  plant  and  first-stubble  crops  (Table  3) ;  however,  by 
January  1  sugar  yields  were  about  equal  for  all  three  crops.   During  the  third  week  of  January  977  the 
second'stubbLe  was  exposed  to  18.2  hours  of  28°  or  below  (Table  4).   This  caused  the  reduction  in  sugar 
for  the  February  1  and  March  1  sampling  dates. 

Variety  CP  63-588  yielded  216,  218,  250,  239,  and  250  lb  of  sugar  per  ton  of  cane,  respectively 
on  the  rive  Plant-cane  harvest  dates  and  was  surpassed  only  by  CP  68-1026  in  the  average  of  the  above 
yields  (Table  1).   First  stubble  CP  63-588  produced  253  and  263  lb  of  sugar  per  ton  of  cane  on  the 
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February  and  March  sampling  dates,  respectively,  thus  surpassing  all  other  varieties  in  the  test  for 
high  sugar  late  in  the  season  (Table  2).   Variety  CP  63-588  averaged  217  lb  of  sugar  per  ton  of  cane  in 
the  average  of  the  second-stubble  data  and  thus  surpassed  all  other  varieties  in  this  category  (Table  3) 
Variety  CP  63-588,  released  to  the  Florida  industry  in  1967,  presently  ranks  first  in  number  of  acres 
planted  (7). 


Table  1. 


Indicated  yields  of  96   sugar,  in  pounds  per  ton  of  cane,  in  plant  cane  (1974-75)  of  7  varieties 
in  Florida. 


Variety 


Nov.  1 


Date  of  harvest 


Dec.  1 


Jan.  1 


Feb.  1 


Mar.  1 


Mean 


CP  68-1026 

231.1  A* 

249.1  A 

255.9  A 

235.9  AB 

235.5  A 

241.5 

CP  63-588 

215.9  ABC 

217.7  B 

250.2  A 

238.7  A 

250.4  A 

234.6 

CP  68-1022 

224.3  AB 

216.9  B 

253.5  A 

226.8  ABC 

243.7  A 

233.0 

CP  68-1067 

207.8  BC 

218.0  B 

252.7  A 

226.5  ABC 

249.5  A 

230.9 

CP  68-1020 

196.2  C 

213.1  B 

249.1  A 

228.4  AB 

248.2  A 

227.0 

CP  65-357 

198.8  C 

213.2  B 

232.2  B 

220.7  BC 

237.1  A 

220.4 

CP  68-1145 

164.7  D 

179.7  C 

216.4  C 

215.9  C 

232.7  A 

201.9 

Mean 

205.5 

215.4 

244.3 

227.6 

242.4 

*Means  within  columns  followed  by  the  same  letter  do  not  differ  significantly  (5%  level)  according  to 
Duncan's  multiple  range  test. 


Table  2. 


Indicated  yields  of  96   sugar,  in  pounds  per  ton  of  cane,  in  first  stubble  cane  (1975-76)  of 
7  varieties  in  Florida. 


Date  of  harvest 

Variety 

Nov.  1 

Dec.  1 

Jan.  1 

Feb.  1 

Mar.  1 

Mean 

CP  68-1022 

213.5 

234.6 

244.2 

245.5 

254.2 

238.4  A* 

CP  68-1026 

220.6 

236.1 

240.7 

237.8 

242.9 

235.6  AB 

CP  65-357 

208.9 

226.2 

246.4 

229.3 

244.6 

231.1  ABC 

CP  68-1020 

191.4 

215.7 

238.9 

240.0 

243.9 

226.0  BC 

CP  68-1067 

182.4 

210.8 

233.1 

241.1 

261.2 

225.7  BC 

CP  63-588 

190.7 

200.6 

205.9 

253.4 

263.4 

222.8  C 

CP  68-1145 

156.3 

194.9 

196.6 

217.2 

224.4 

197.9  D 

Mean 

194.8  D 

217.0  C 

229.4  B 

237.8  B 

247.8  A 

*Means  within  rows  or  columns  followed  by  the  same  letter  do  not  differ  significantly  (5%  level)  according 
to  Duncan's  multiple  range  test. 

Table  3.   Indicated  yields  of  96   sugar,  in  pounds  per  ton  of  cane,  in  second  stubble  (1976-77)  of  7 
varieties  in  Florida. 


Variety 


Date  of  harvest 


CP  63-588 
CP  65-357 
CP  68-1022 
CP  68-1026 
CP  68-1020 
CP  68-1067 
CP  68-1145 
Mean 


Nov.    1 


233.9 
231.8 
235.4 
235.7 
239.3 
219.9 
172.9 
224.1   A 


Dec. 


236.6 
238.3 

254.1 
244.9 
245.1 
240.0 
204.9 
237.7   A 


Jan.    1 


248.7 
252.4 
234.4 
246.8 
229.0 
247.9 
208.0 
238.2  A 


Feb.    1 


214.6 
200.2 
198.9 
211.3 
194.8 
198.8 
167.4 
198.0 


Mar. 


Mean 


151.3 

217.0  A* 

160.2 

216.6  A 

153.3 

215.2  A 

122.2 

212.2  AB 

104.8 

202.6  AB 

68.6 

195.0  B 

34.3 

157.5  C 

113.5  C 

*Means  within  rows  or  columns  followed  by  the  same  letter  do  not  differ  significantly  (5%  level)  according 
to  Duncan's  multiple  range  test. 
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Table  4.   Number  of  hours  with  temperatures  at  or  below  freezing  (32  )  at  Hatton  Bros,  farm  between 
January  18-26,  1977. 


Temperatures _^ „ „_ 

Minimum  32"  31u  30"  29"  28u  27u  26u    2?  24u   23"   22u  ^Tj 

jan.  18      26        7.9  6.9  6.4  3.4  3.1  2.2  0.7   --  -    —    —  ~ 

20  21  14*.  0  13~7  13.3  13.0  12.3  11.5  11.0   9.4  8.8   5.2   2.0  0.8 

21  28        7.7  7.0  6.0  4.9  2.0 

22  27        8.8  8.1  6.1  2.2  0.8  0.3 
26      28.5      3.6  2.9  1.8  0.7 


An  early-maturing  variety,  CP  68-1026,  which  was  released  in  1975,  averaged  241  lb  of  sugar  per  ton 
of  cane  on  the  plant-cane  harvest  dates  and  was  not  surpassed  by  any  other  variety  in  this  respect 
(Table  1)    The  variety  significantly  exceeded  all  other  varieties  in  sugar  per  ton  on  December  1.   First- 
stubble  CP  68-1026  produced  221  and  236  lb  of  sugar  per  ton  of  cane,  respectively,  on  the  November  and 
December  harvest  dates  and  surpassed  all  other  varieties  in  the  above  categories  (Table  2). 

CP  65-357,  a  strong-stubbling,  high-tonnage  variety,  produced  more  sugar  per  ton  of  cane  on  January  1 
in  both  first  and  second  stubble  than  any  other  variety  (Tables  2  and  3).   CP  65-357  exceeded  all  other 
varieties  in  sugar  per  ton  of  cane  on  March  1  in  second  stubbling  following  severe  freeze  damage  ify 
January.   Gascho  and  Miller  noted  the  superior  keeping  quality  of  CP  65-357  in  another  experiment.- 
The  superior  keeping  quality  of  CP  65-357  was  also  observed  in  Louisiana  during  the  past  harvest  season  (5). 

The  early-maturing  variety,  CP  68-1022  produced  early  high  sugar  in  all  three  crops  and  maintained 
desirable  sugar  levels  throughout  the  season  except  following  the  freeze  (Tables  1-3).   Despite  this 
favorable  characteristic,  CP  68-1022  was  not  released  because  of  its  low  tonnage  production. 

On  November  1  in  second  stubble,  CP  68-1020  yielded  more  sugar  (239  lb)  than  any  other  variety 
(Table  3);  however,  the  variety  has  not  been  released  to  the  industry  because  of  mediocre  yields  of  cane 
and  sugar  per  acre. 

On  March  1,  CP  68-1067,  a  new,  low-fiber,  large-barreled  variety,  produced  high  yields  of  sugar 
per  ton  of  cane  in  both  plant  and  first-stubble  crops  (Tables  1  and  2) .   The  variety  was  surpassed  only 
by  CP  63-588  in  the  above  categories.   CP  68-1067  produced  only  69  lb  of  sugar  per  ton  of  cane  on  March  1 
in  second  stubble  following  the  severe  January  freezes  (Table  3) ,  and  this  poor  keeping  characteristic 
could  hinder  the  expansion  of  this  variety  by  the  industry. 

CP  68-1145,  a  vigorous  high-tonnage,  low  sucrose,  unreleased  variety,  produced  inferior  yields  of 
sugar  per  ton  of  cane  on  all  dates  in  each  of  the  3  years  (Tables  1,2,  and  3).   This  unacceptable 
performance  has  eliminated  CP  68-1145  from  consideration  as  a  variety  for  commercial  production. 
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EFFECT  OF  ROW  WIDTH  ON  YIELDS  OF  THREE 
SUGARCANE  VARIETIES  IN  FLORIDA 

Edwin  R.  Rice 

USDA,  ARS 

Canal  Point,  Florida 

ABSTRACT 

Sugarcane  in  Florida  is  commercially  grown  in  5-foot  rows.   Growers  and  scientists  in  other  sugar- 
cane growing  areas  have  had  limited  success  in  increasing  yields  by  decreasing  the  row  width.   A  3-year 
study  of  3-  and  5-foot  row  spacings  of  three  commercial  varieties  in  Florida,  revealed  little  advantage 
in  decreasing  the  row  width  to  3  feet.   Cane  yields  from  the  3-foot  rows  were  5%  higher  than  from  the 
5-foot  rows  in  the  average  of  all  crops  although  the  yields  were  not  significantly  different.   Average 
indicated  yields  of  sugar  per  ton  of  cane  were  significantly  higher  in  the  5-foot  rows  than  in  the  3-foot 
rows  in  both  plant  cane  and  second  stubble.   There  was  no  significant  difference  between  the  indicated 
yields  of  sugar  per  acre  from  the  two  row  widths. 

INTRODUCTION 

Sugarcane  growers  and  scientists  throughout  the  world  are  interested  in  determining  the  row-spacing 
that  will  give  them  optimum  production  and  return  for  their  efforts.   In  1965,  Hebert  et  al.  (2)  recorded 
higher  yields  of  cane  and  sugar  per  acre  from  narrow  rows  in  three  plant  cane  experiments  in  Louisiana. 
Mathefne  (3)  has  recently  shown  significant  increases  in  tonnage  of  plant  cane  but  small  increases  in 
stubble  crops  by  decreasing  the  row  width  in  Louisiana.   Since  the  question  of  row  spacing  is  also 
important  in  Florida,  an  experiment  was  conducted  to  test  the  effect  of  row  width  on  yields  of  cane  and 
sugar  per  acre,  yield  of  sugar  per  ton  of  cane,  and  average  stalk  weight. 

TEST  PROCEDURES 

The  experiment  was  conducted  on  Terra  Ceia  muck  at  Hatton  Bros,  farm,  located  10  miles  east  of 
Pahokee,  Florida,  during  the  1973,  1974,  and  1975  harvest  seasons.   Three  commercial  varieties  (CP  56-63, 
CP  63-306,  and  L  61-49)  were  planted  in  a  split-plot  design  on  September  22,  1972.   These  varieties  were 
chosen  because  their  shading  characteristics  represent  the  range  available  in  commercial  varieties  in 
Florida.   The  main  plots  in  this  experiment  were  row  widths,  with  varieties  being  sub-plots.   Each  sub- 
plot was  four  rows  wide  and  35  ft  long,  with  four  replications.   The  margins  around  the  experiment  were 
buffered  to  eliminate  border  effects  and  mechanical  damage,  but  individual  four-row  plots  were  not 
buffered.   Two  lines  of  seedcane  were  planted  in  each  furrow. 

A  standard  3-row  furrowing  plow  was  used  to  open  the  furrows  for  the  5-foot  row-spacings  and  was 
adjusted  to  open  the  3-foot  row-spacings. 

The  5-foot  rows  were  fertilized  with  0-0-50  at  200  pounds  per  acre,  and  the  3-foot  rows  received 
about  330  pounds  of  the  same  fertilizer  per  acre.   Both  spacings  received  equal  amount  of  fertilizer  on 
a  row  basis.   The  5-foot  row  plots  were  cultivated  according  to  standard  plantation  practices  and  the 
same  equipment  was  used  for  the  3-foot  row  plots  after  necessary  adjustments  were  made.   The  control  of 
insects  and  rodents,  burning,  loading,  and  hauling  were  accomplished  in  the  same  manner  as  for  adjacent 
commercial  fields.   The  mature  cane  was  not  damaged  by  freezing  temperatures  during  the  3-year  period. 

After  burning,  the  cane  in  all  plots  was  cut  by  hand  and  weighed.   Fifteen  full-length  stalks  were 
taken  at  random  from  each  replication  at  each  of  the  three  harvests.   The  samples  were  then  weighed  and 
milled.   Crusher  juice  was  analyzed  for  brix  and  apparent  sucrose.   Indicated  yields  of  sugar  per  ton 
of  cane  were  calculated  with  the  Winter-Carp-Geerligs  formula  as  simplified  by  Arceneaux  (1). 

RESULTS  AND  DISCUSSION 

Cane  yields  from  3-foot  rows  were  5%  higher  than  from  5-foot  rows  in  the  average  of  all  crops, 
although  the  yields  were  not  significantly  different  (Table  1).   CP  63-306  and  L  61-49  yielded  more  cane 
per  acre  than  CP  56-63  in  the  average  of  both  row  width  in  both  plant  and  stubble  crops. 

Average  indicated  yields  of  sugar  per  ton  of  cane  were  significantly  higher  in  the  5-foot  rows 
than  in  the  3- foot  rows  in  both  plant  cane  and  second  stubble;  however,  the  3-foot  rows  yielded  signifi- 
cantly more  pounds  of  sugar  per  ton  of  cane  than  the  5-foot  rows  in  the  first-stubble  harvest  (Table  2). 
CP  63-306  yielded  more  sugar  per  ton  of  cane  in  the  average  of  both  row  widths  than  both  CP  56-63  and 
L  61-49  in  plant  cane  and  first  stubble.   There  was  no  significant  difference  among  varieties  in  indicated 
yield  of  sugar  per  ton  of  cane  in  second  stubble. 
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Table 


1.  Yields  of  cane  from  rows  spaced  3  and  5-feet  apart  on  Terra  Cela  muck,  1973-75. 


Variety 


CP  56-63 
CP  63-306 
L  61-49 
Row  width 
mean—' 
LSD^/between 
var .  means  . 05 
.01 


Plant  cane 


Average  yield  and  harvest  date 


First-stubbl€ 


3/25/74      "        3/14/75 
Row  width    Variety    Row  width    Variety 
3'     5'     mean 3* 5 '     mean 


Second-stubble 
3/9/76 
Row  width    Variety 
3'     5' mean 


Average 
yield 
all  crops 
Row  width 
3'     5' 


Tons  cane/acre 


33.21 
53.55 
59.94 


25.68 
48.01 
53.82 


29.44 
50.78 
56.88 


28.48 
41.08 
40.72 


32.81 
37.22 
42.18 


30.64 
39.15 
41.45 


33.12  33.91 
41.55  39.61 
45.78  44.70 


33.52 
40.58 
45.24 


31.60  30.80 
45.39  41.61 
48.81  46.90 


48.90  42.50   45.70    36.76  37.40   37.08    40.15  39.41   39.78     41.93  39.77 


6.23 
8.74 


2.59 
3.64 


3.01 
4.22 


■^A  significant  row  width  x  variety  interaction  was  evident  in  this  test  and  was  probably  due  to  the 

.severe  rat  damage  that  occurred  only  in  CP  56-63. 
-^No  significant  difference  in  tons  of  cane  per  acre  for  different  row  width  means  within  the  same  crop 

-.year. 

-LSD  *  Least  significant  difference  between  any  2  values. 


Table  2. 


Indicated  yields  of  96°  sugar  in  pounds  per  ton  of  cane,  from  rows  spaced  3  and  5-feet  apart 
on  Terra  Ceia  muck,  1973-75. _ . 


Plant  cane 


Average  yield  and  harvest  date 


First-stubble 


Second-stubble 


Variety 


3/25/74  3/14/75  3/9/76 

Row  width    Variety    Row  width    Variety    Row  width    Variety 
3'     5'     mean      3'     5'     mean      3'     5' mean_ 


CP  56-63 
CP  63-306 
L  61-49 

Row  width  mean 
LSIF-  between 
row  width  means 
.05 
.01 
LSD  between 
var .  means  . 05 
.01 


217, 
235, 
213, 


221.8 


23.2 

NS 


252.3 
270.7 
239.3 
254.1 


234.8 
252.8 
226.2 
237.9 


10.5 
14.8 


243.4  233.4  238.4 

259.7  250.0  254.8 

249.0  235.7  242.4 

250.7  239.7  245.2 


3.8 
7.1 


232.1  230.1  231.1 

228.1  233.3  230.7 

220.7  226.6  223.6 

227.0  230.0  228.5 


2.5 
NS 


4.8 
6.7 


±'lSD 


Least  significant  difference  between  any  2  values. 


NS 
NS 


Average 
yield 
all  crops 
Row  width 
3'     5' 


230.9  238.6 

240.9  251.3 

227.6  233.9 

233.1  241.3 


Indicated  yields  of  sugar  per  acre  were  1%  higher  in  the  3-foot  rows  than  in  the  5-foot  rows  in  the 
average  of  all  crops  (Table  3).  CP  63-306  and  L  61-49  produced  significantly  higher  yields  of  sugar  per 
acre  in  all  crops  than  CP  56-63  when  averaged  over  both  row  widths. 


Table  3.   Indicated  yields  of  96  sugar, 
Terra  Ceia  muck,  1973-75. 


in  pounds  per  acre,  from  rows  spaced  3  and  5-feet  apart  on 


Variety 


CP  56-63 
CP  63-306 
L  61-49 
Row  width 
meani' 

LSD=/  between 
var.  means  .05 
.01 


Plant  cane 


Average  yield  and  harvest  date 


First-stubble 


Second-stubble 


3/25/74 
Row  width    Variety 
3'     5'     mean 


3/14/75       "   ~~'    3/9/76 
Row  width    Variety    Row  width    Variety 
3  •     5 '     mean 3 '     5 '     mean 


Average 
yield 
all  crops 
Row  width 
3'     5' 


7,252  6,479 
12,538  12,996 
12,775  12,879 


6,866 
12,767 
12,827 


6,938 
10,668 
10,140 


7,657 
9,305 
9,941 


7,298 

9,986 

10,040 


7,690  7,803 

9,468  9,241 

10,117  10,129 


7,746 

9,354 

10,123 


7,293  7,313 
10,891  10,514 
11,011  10,983 


10,855  10,785  10,820    9,249  8,968   9,108    9,092  9,058   9,075     9,732  9,603 


1,401 
1,964 


669 
938 


826 
1,158 


1/No  significant  difference  in  pounds  of  sugar  for  different  row  width  means  within  the  same  crop  year. 
2/LSD  =  Least  significant  difference  between  any  2  values. 
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There  was  no  significant  difference  between  the  average  stalk  weights  from  the  two  widths  in  plant 
cane  or  first  stubble;  however,  in  second  stubble  the  average  stalk  weight  of  the  5-foot  rows  was  11% 
higher  than  the  average  stalk  weight  in  3-foot  rows  (Table  4).   The  average  stalk  weight  of  CP  56-63 
was  significantly  higher  than  those  of  CP  63-306  and  L  61-49  in  plant  cane;  however,  there  were  no 
significant  differences  for  stalk  weight  among  varieties  in  the  first  and  second-stubble  crops. 


Table  4.   Average 

stalk  weight 

of  cane, 

in  pounds,  from 

rows  spaced  3 

and  5-feet 

apart  on  Terra  Ceia 

muck,  1973- 

75. 

Average 

stalk 

weight  and 

harvest 

date 

Average 

Plant  cane 

First-stubbl 

e 

Second-stubble 

stalk  weight 

3/25/74 

3/14/75 

3/9/76 

all  crops 

Row 

width 

Variety 

Row 

width    Variety 

Row 

width 

V 

ariety 

Row  width 

Variety 

3' 

5' 

mean 

3' 

5' 

mean 

3' 

5' 

mean 

3'     5' 

CP  56-63 

3.9 

3.7 

3.8 

2.8 

2.8 

2.8 

2.7 

3.1 

2.9 

3.1    3.2 

CP  63-306 

3.3 

3.3 

3.3 

2.7 

2.7 

2.7 

2.8 

2.8 

2.8 

2.9    2.9 

L  61-49 

2.9 

3.2 

3.0 

2.4 

3.0 

2.7 

2.7 

3.0 

2.8 

2.7    3.1 

Row  width  mean 
LSD-  between 

3.4 

3.4 

3.4 

2.6 

2.8 

2.7 

2.7 

3.0 

2.8 

2.9    3.1 

row  width  means 

.05 

NS 

NS 

0.2 

.01 

NS 

NS 

NS 

LSD  between 

var.  means     .05 

0.4 

NS 

NS 

.01 

0.5 

NS 

NS 

1/ 


LSD 


Least  significant  difference  between  any  2  values. 


A  review  of  the  literature  (2,  3)  revealed  that  yields  of  cane  and  sugar  per  acre  have  been  increased 
by  decreasing  the  width  of  rows.   This  was  especially  true  in  the  plant  cane  crop.   It  seems  that  more 
plants  can  be  grown  on  an  acre  with  narrower  rows  but  the  actual  number  of  tillers  that  develop  into  mature 
stalks  depends  on  the  growing  conditions.   Closer  spacing  of  rows  to  increase  the  number  of  plants  results 
in  competition  for  available  light  and  space  and  results  in  more  of  the  tillers  being  suppressed.   Our  data 
showed  that  the  3-foot  rows  yielded  more  cane  than  the  5-foot  rows  in  the  average  of  all  three  crops  but 
the  difference  was  greatest  in  the  plant  cane. 

It  is  generally  agreed  that  growth  habit  affects  the  variety  response  to  row  spacing,  and  that  an 
erect  variety  produces  better  on  narrow  rows  than  a  leaning  or  prostrate  variety.   Our  data  agreed  with 
this  assumption  when  CP  63-306  and  L  61-49,  which  are  more  erect  than  CP  56-63,  outyielded  CP  56-63  in 
all  crops  of  the  narrower  row  treatment. 

An  important  economic  disadvantage  of  narrow  spacings  is  the  increased  quantity  of  seedcane  required. 
Approximately  67%  more  seedcane  is  needed  to  plant  cane  on  3-foot  rows  than  on  5-foot  rows.   Another  disad- 
vantage of  3-foot  rows  would  be  the  necessity  to  change  all  present  equipment  which  is  set  up  for  5-foot  rows. 
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SCREENING  FOR  FIBER  CONTENT  IN  THE  LOUISIANA  STATE  UNIVERSITY 
BREEDING  PROGRAM 

C.  A.  Richard 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 

ABSTRACT 

Acceptable  fiber  content  is  one  of  the  essential  objectives  of  the  Louisiana  sugarcane  breeding 
programs.   New  equipment  at  the  St.  Gabriel  Branch  of  the  Louisiana  Agricultural  Experiment  Station 
has  made  the  determination  of  fiber  percentage  relatively  easy.   The  procedure  is  the  press  method  of 
cane  analysis,  the  same  technique  used  in  Hawaii  and  other  areas.   The  equipment  consists  of  a  cutter- 
grinder  apparatus,  to  prepare  the  cane  samples,  and  a  press,  to  extract  the  juice,  leaving  the 
residue  for  fiber  analysis.   Analyses  of  the  variance  in  a  three-replication  test  conducted  in  1975 
and  1976  showed  significant  differences  in  fiber  percentage  among  nine  commercial  varieties  known 
to  be  different  in  fiber  content.   The  analysis  of  variance  of  these  six-stalk  samples  between  these 
commercial  varieties  and  26  experimental  varieties  also  indicated  that  several  of  the  unreleased 
varieties  were  unacceptably  high  in  fiber  content.   The  association  between  fiber  percentage  in 
different  years  for  the  35  varieties  was  very  strong,  with  a  correlation  coefficient  of  0.76**. 
Associations  between  individual  replications  of  any  one  year  and  the  average  fiber  percent  of  two 
years  were  also  strong,  with  correlation  coefficients  averaging  0.88**.   The  data  indicated  that 
selection  for  fiber  content  was  relatively  easy  and  accurate,  and  that  screening  for  unacceptable 
fiber  might  be  accomplished  using  only  one  replication  at  an  early  stage. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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SEXUAL  COMPETITIVENESS  OF  IRRADIATED  MALE  SUGARCANE 
BORER  MOTHS  AND  THEIR  F  MALE  PROGENY* 

J.  W.  Sanford 

U.  S.  Sugarcane  Field  Laboratory 

Agricultural  Research  Service 

USDA 

Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

ABSTRACT 

Percent  egg  hatch  was  used  to  evaluate  sexual  competitiveness  of  irradiated  (10  Krad)  adult  male 
sugar  cane  borers,  Diatraea  saccharalis  (F.).  and  their  first-generation  male  progeny.   Treated  and 
untreated  males  were  caged  with  untreated  females  in  various  ratios.   The  treated  male  parents  were 
found  to  be  comparable  in  competitiveness  to  untreated  males.   However,  the  progeny  from  treated  males 
was  not  competitive  with  that  from  untreated  males. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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CROP  LOGGING:   A  GUIDE  FOR  MAXIMIZING  SUGARCANE 
YIELDS  IN  THE  LOWER  RIO  GRANDE  VALLEY1 

A.  W.  Scott,  Jr. 
Rio  Farms 
Edcouch,  Texas, 
J.  R.  Thomas 
Agricultural  Research  Service 
Weslaco,  Texas 
and 
B.  Sleeth 
Rio  Farms 
Edcouch,  Texas 
(Contribution  from  Soil  and  Water  Conservation  Research, 
Southern  Region,  Agricultural  Research  Service,  USDA, 
Weslaco,  Texas,  and  Rio  Farms,  Edcouch,  Texas) 

ABSTRACT 

Sugarcane  processed  at  the  W.  R.  Cowley  Sugar  House,  Santa  Rosa,  Texas,  during  the  1974-75 
season  was  generally  low  in  sugar.   The  suspected  causes  were  excessive  use  of  nitrogen  fertilizer 
and  late  season  irrigations.   Foliar  analysis  is  currently  being  used  in  other  sugarcane-growing 
areas  to  monitor  changes  in  the  mineral  composition  and  moisture  status  of  sugarcane  crops.   The 
purpose  of  this  study  was  to  evaluate  the  use  of  foliar  diagnosis  of  sugarcane  to  identify  factors 
that  may  be  associated  with  low  sugar  production  in  the  Lower  Rio  Grande  Valley  of  Texas.   Approxi- 
mately 900  acres  of  sugarcane  under  cultivation  by  15  farm  demonstrators  were  included  in  the  survey. 
Varieties  were  CP  52-68,  CP  61-37,  CP  44-101,  L  62-96  and  NCo  310,  and  included  both  plant  and  ratoon 
cane.   Fields  were  sampled  at  intervals  from  late  May  through  October.   Leaves  and  sheaths  numbered 
three  to  six  were  collected  before  10:00  a.m.  for  nitrogen  (N) ,  phosphorous  (P)  and  moisture  deter- 
minations.  Growth  of  five  primary  stalks  was  also  measured  weekly.   Cane  and  sugar  yield  data  were 
supplied  by  the  mill.   The  leaf  sheath  moisture  content  decreased  from  82  to  75%  from  July  1  through 
October.   The  moisture  content  of  plant  cane  was  slightly  higher  than  ratoon  cane  in  the  two  varieties 
NCo  310  and  CP  52-68.   The  growth  index  (green  weight  of  the  sheath  samples)  decreased  with  age  and 
was  significantly  correlated  with  the  moisture  content  of  the  sheath  (r  =  0.67*  percent  N  (r  -  0.73)* 
and  percent  P  (r  =  0.65*)  content  of  the  leaves.   There  was  a  consistent  downward  trend  of  leaf  N  with 
aee.   Fluctuation  in  the  N-age  curves  were  related  to  the  moisture  status  of  the  plant.   Leaf  N  and 
sheath  moisture  concentrations  were  significantly  related  (r  =  0.96**).   The  relationship  among  N 
concentration  (percent  N)  of  the  leaves,  plant  age  (A,  climatological  week)  and  leaf  sheath  moisture 
(M)  content  of  sugarcane  variety  CP  52-68  was  described  by  the  multiple  regression  equation: 

percent  N  =  35.11  -  0.68.+  0.006  M 
-0.15A  +  0.003A 

The  highly  significant  coefficient  of  determination  indicated  that  plant  age  and  sheath  moisture 
accounted  for  59  percent  (R2  x  100)  of  the  variability  in  leaf  N  concentration.   Differences  in  the 
amount  of  N  fertilizer  applied  to  the  eight  fields,  the  soil's  capacity  to  supply  N  and  the  level  of 
management  could  also  affect  the  change  in  the  N  concentrations  of  the  plant  with  age.   The  leaf  P  con- 
centration decreased  with  the  increasing  age  of  the  plant.   However,  the  P  concentration  was  strongly 
affected  by  the  N  (r  =  0.82**)  and  moisture  (r  =  0.83**)  status  of  the  plant,  stage  of  plant  growth  and 
availability  of  soil  P  (r  =  0.87*).   The  ratio  of  sugar  to  cane  yields  was  inversely  related  to  the  leaf 
N  concentration  (r  =  0.82**)  and  sheath  moisture  (r  =  0.52*)  at  harvest.   The  slopes  of  the  regression 
curves  suggested  that  a  0.5%  decrease  in  the  leaf  N  concentration  increased  the  ratio  by  2.25  percent, 
while  a  5.0%  decrease  in  sheath  moisture  increased  the  ratio  by  1.1%. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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FLOODING  FOR  THE  CONTROL  OF  THE  WHITE  GRUB, 
BOTHYNUS  SUBTROPICUS ,  IN  FLORIDA1 

T.  E.  Summers 

Agricultural  Research  Service,  USDA 

Canal  Point,  Florida 

ABSTRACT 

Bothynus  subtropicus  Blatch. ,  first  found  causing  serious  damage  to  sugarcane  in  1972,  is 
presently  the  most  destructive  of  seven  species  of  grubs  identified  as  attacking  sugarcane  in  Florida. 
The  larvae  of  B.  subtropicus  destroy  the  roots,  latent  buds  or  shoots  and  regenerative  portion  of  the 
underground  stems,  thus  destroying  the  potential  for  the  subsequent  ratoon  to  produce  a  satisfactory 
stand  of  cane.   Presently,  the  most  effective  control  of  the  grub  is  flooding  the  standing  cane  for 
five  to  seven  days  during  the  months  of  August  to  November,  or  flooding  the  cut  stubble  after  harvest, 
prior  to  February.   Flooding  standing  cane  for  120  to  168  hours  did  not  reduce  sucrose  and  gave 
satisfactory  control  of  B_;_  subtropicus.   There  is  evidence  that  some  species  are  more  difficult  to 
control.   A  method  is  needed  for  detecting  the  presence  of  the  larvae  prior  to  the  time  that  the 
damage  it  inflicts  becomes  obvious. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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GROWTH  AND  YIELD  OF  SUGARCANE  AS  AFFECTED  BY  ROW  SPACING 
AND  IRRIGATION  REGIME 

J.  R.  Thomas,  F.  G.  Salinas1,  and  L.  N.  Namken 

USDA,  ARS 

Weslaco,  Texas 

ABSTRACT 

The  influence  of  row  spacings  and  irrigation  regimes  on  depth  and  rate  of  soil  water  depletion 
growth  yield,  and  quality  or  plant  and  ratoon  sugarcane  was  investigated   Treatments  consxste d  of  .1 1 
combinations  of  three  irrigation  regimes  and  three  row  spacings  arranged  in  a  randomxzed  block  design 
with  three  replications.   Sugarcane  (variety  NCo  310)  was  irrigated  when  40,  60,  and  80/o  of  the  avail 
able  soil  water  in  the  top  60  cm  of  soil  had  been  depleted.   Row  spacing  treatments  were  122,  152, 
and  182  cm Frejuent  irrigations  (40%  irrigation  regime)  restricted  root  development  to  the  upper  60 
cm of  the  soil  profile;  whereas,  under  the  60  and  80%  irrigation  regimes,  plants  extracted  significant 
amounts  of  water  to  120  cm  depth.   Rate  of  stalk  elongation  was  significantly  affected  by  the  irriga- 
tion regimes.   Regression  coefficients  indicated  that  seasonal  mean  daily  growth  rates  of  stalk  elonga- 
tion decreased  0.842,  0.24,  and  0.17  cm/day  for  each  10%  decrease  in  available  soil  water  under  the  40, 
lo     and  80%  irrigation  regimes,  respectively.   Plant  cane  irrigated  under  the  40%  regime  outyielded 
the  less  frequently  irrigated  cane  (80%  regime)  by  15.8  metric  tons/ha.   Reducing  row  spacing  from 
to  122  cm  increased  cane  yields  by  7.9  and  11.1  metric  tons/ha  in  the  plant  and  first  ratoon  crops, 
respectively,  but  had  no  effect  on  following  crops.   Narrow  row  spacing  significantly  increased  per 
centages  of  pol,  brix,  and  purity  in  the  juice. 


om  182 


INTRODUCTION 


Development  of  water  management  practices  that  will  produce  high  sugarcane  yields  and  efficiently 
use  a  limited  supply  of  irrigation  water  requires  a  knowledge  of  the  relationships  among  plant  growth, 
sugarcane  yield,  and  availability  of  soil  water.   Most  of  this  information  was  not  available  for  sugar- 
cane growers  in  the  Lower  Rio  Grande  Valley  (LRGV)  of  Texas  when  commercial  sugarcane  plantings  were 
initiated  in  1972.   Because  of  differences  in  cultivars,  length  of  growing  season,  soils,  and  climate, 
information  from  other  sugarcane  growing  areas  may  not  be  directly  applicable. 

Thomas  and  Oerther  (1975)  observed  that  mean  daily  rates  of  stalk  elongation  during  the  boom 
stage  of  growth  were  affected  more  by  available  soil  water  than  by  nitrogen  (N)  fertilization  rates 
and  suggested  that  frequent  irrigations  during  this  period  might  maintain  higher  growth  rates  for 
longer  periods  and  increase  cane  and  sugar  yields.   Robinson  (1963)  reported  that  sugarcane  stalk 
elongation  was  not  restricted  until  the  soil  water  tension  at  a  30  cm  depth  exceeded  2  bars. 

Ameen  et  al.  (1971)  found  that  reducing  the  time  between  successive  irrigations  from  20  to  10 
days  increased  yields  of  millable  cane  and  sugar.   Singh  and  Singh  (1971)  reported  that  irrigation 
at  75%  depletion  of  available  soil  water  produced  higher  cane  and  sugar  yields  than  did  irrigation 
regimes  based  on  25,  50,  and  100%  depletion  of  available  water  in  the  top  30  cm  of  soil. 

Most  data  show  that  cane  yields  increase  as  row  spacings  decrease,  if  water  is  not  limiting 
(Thompson  and  du  Toit,  1965).   Hebert  et  al.  (1965)  concluded  that  row  spacings  of  less  than  1.5  m 
were  not  profitable  with  cane  cultivars  being  grown  in  Louisiana.   However,  recent  Louisiana 
studies  by  Matherne  (1972a)  showed  that  decreasing  the  row  spacing  from  1.8  to  0.9  m  increased  cane 
yields  by  25%.   Matherne  (1972b)  also  noted  a  cultivar-row  spacing  interaction.   Cultivar  CP  4S-1UJ 
(low  vigor-high  sucrose)  responded  better  to  narrow  rows  than  did  CP  61-37  (high  vigor-average  sucrose. 
Cane  yields  increased  27.3  and  19.1%,  respectively.   Since  similar  sugarcane  cultivars  make  considerably 
more  growth  in  the  LRGV  than  in  Louisiana,  corresponding  yield  responses  to  narrow  rows  may  not  be 
obtainable. 

This  study  was  designed  to  examine  the  effects  of  irrigation  regime  and  row  spacing  on  growth, 
rooting  depth,  and  yields  of  sugarcane. 

MATERIALS  AND  METHODS 

This  4-year  study  (1972-1975)  was  initiated  in  December  1971  by  planting  sugarcane  cultivar 
NCo  310  on  Hidalgo  (Typic  Calciustolls)  sandy  clay  loam.   Phosphorus  fertilizer  (45  kg/ha  of  P205) 
was  placed  in  the  planting  furrow  before  seeding.   Plant  (1972)  and  third  ratoon  (1975)  cane  crops 


1Now  USDA,  ARS,  New  Orleans,  Louisiana. 
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were  fertilized  with  224  kg/ha  of  N,  while  the  first  and  second  ratoon  crops  were  fertilized  with 
170  kg/ha  of  N  (as  NH4N03).   Foliar  analysis  suggested  a  need  for  P  in  1974;  therefore,  100  kg/ha  of 
P2O5  was  applied  to  the  third  ratoon  crop. 

Treatments  consisted  of  all  combinations  of  three  irrigation  regimes  and  three  row  spacings 
arranged  in  a  randomized  complete  block  design  with  three  replications.   The  sugarcane  was  irrigated 
when  40,  60,  and  80%  of  the  available  water  in  the  top  60  cm  of  soil  had  been  used.   However,  suffi- 
cient water  was  metered  onto  each  plot  to  replenish  the  entire  1.5m  soil  profile.   Interrow  spacings 
were  122,  152,  and  182  cm.   Plots  were  six  rows  wide  by  15.2  m  long. 

Soil  water  was  measured  using  the  neutron  scattering  method.  Access  tubes  for  the  neutron 
proble  were  placed  in  each  plot,  and  measurements  were  made  at  30-cm  intervals  to  a  1.5-m  depth 
immediately  before  and  within  24  hours  after  irrigation.   In  addition,  the  amount  of  available  water 
in  the  soil  profile  at  any  given  time  was  calculated  using  evapotranspiration,  precipitation,  and 
irrigation  data  (Jensen  et  al.,  1971)  and  sugarcane  crop  coefficients  developed  for  the  LRGV  (Salinas 
and  Namken,  1976). 

Stalk  growth  was  determined  weekly  by  measuring  the  distance  from  a  permanent  mark  at  the  base 
of  the  stalk  to  the  last  visible  dewlap  at  the  top  of  the  stalk  of  five  primary  stalks  randomly 
selected  within  each  plot. 

Leaves  and  sheaths  number  three  through  six  were  collected  from  five  plants  in  each  plot  several 
times  during  the  season.   The  middle  third  of  the  leaf  blade  was  analyzed  for  total  N  by  the  Gunning 
method  (Lepper,  1945)  and  for  total  P  by  the  Bolin  and  Stamberg  (1944)  and  Barton  (1948)  methods. 
The  sheaths  were  ovendried  at  70  C  for  24  hours  for  moisture  determination. 

Plant  population  counts  were  made  at  harvest.  Cane  was  hand  cut  in  December  or  January  from 
12  m  of  the  center  two  rows.  Juice  of  20  stalks  from  each  plot  was  analyzed  for  apparent  sucrose, 
purity  and  total  dissolved  solids  (Meade,  1963). 

RESULTS  AND  DISCUSSION 

Table  1  gives  the  number  and  amounts  of  irrigations  and  annual  and  rapid-growth  stage  precipita- 
tion amounts  in  each  crop-cycle.   The  number  of  irrigations  and  the  amount  of  water  applied  in  each 
year  varied  considerably  among  the  irrigation  regimes.   Row  spacings  significantly  affected  the  amounts 
of  water  applied  and  the  frequencies  of  irrigation  of  plant  cane  under  the  40%  irrigation  regime. 
The  80%  irrigation  regime  as  compared  to  the  40%  reduced  the  number  of  irrigations  by  five  and  con- 
served about  109  cm  of  water  during  the  4  year  test. 

Table  1.   Number  (No.)  and  amount  (Amt)  of  irrigations  for  various  row  spacings  and  irrigation 


Irrigation 

Row 
spacing 

Plant 

1st 

rtn 

2nd 

rtn 

3rd 

: -j  —  : 

rtn 

Me 

an 

regime 

No. 

Amt 

No. 

Amt 

No. 

Amt 

No. 

6 
6 

5 

Amt 
cm 

47.2 
45.9 
37.6 

No. 

8 
7 

7 

Amt 

% 
40 

cm 

122 
152 
182 

8 
6 

5 

cm 

69.9 
44.2 
36.0 

6 
5 

4 

cm 

53.0 
40.8 
35.8 

12 
12 
12 

cm 

97.5 

94.6 
94.6 

cm 

66.9 
56.4 
51.0 

Mean  50.0  43.2  95.6  43.6 

60 


122 

5 

48.0 

3 

35.8 

152 

4 

37.5 

3 

35.3 

182 

5 

43.5 

3 

35.4 

86.4 

4 

40.0 

5 

52.6 

84.7 

4 

41.4 

5 

49.7 

83.4 

4 

40.4 

5 

51.4 

Mean  44.0  35.5  84.8  40.6 

80  122       1     13.9      0      0.0       5     74.9 

152       1     15.0      0      0.0       5     74.1 
182       1     14.7      0      0.0       5     73.9 

Mean       14.5 0J3 73.3  34.3 


3 

44.5 

2 

33.3 

2 

29.2 

2 

29.6 

2 

29.3 

2 

29.5 

Annual  precipitation  84.4  109.4  56.7  70.7 

Mid  -May  through  July  48.7  19.3  6.6  31.8 

precipitation 
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Soil  Water  Depletion 

„4   i  -wo  «vM  -water  depletion  by  depth  as  a  function  of  time  and  irrigation  regimes  in  1974. 

noted  on  February  16. 
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Figure  1. 


Changes  in  soil  water  content  with  depth  as  a  function  of  time  and  irrigation  regimes  in  1974. 


Soil-water  depletion  profiles  were  similar  under  all  irrigation  regimes  before  the  initiation  of 
rapid  s?alk  elongation  in  May,  when  soil  water  decreased  mainly  in  the  upper  60  cm  of  the  soil  profile. 

water  from  the  90  and  120  cm  depths,  respectively. 
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Growth  Rates 

Fig.  2  shows  the  relationship  between  the  mean  sugarcane  stalk  elongation  rates  and  soil  water 
availability.   The  slopes  of  the  regression  lines  represent  the  average  daily  growth  rate  for  May  16 
to  August  4,  1975.   They  indicated  that  a  10%  decrease  in  available  water  reduced  the  seasonal  mean 
daily  growth  rates  by  0.42,  0.24,  and  0.17  cm/day,  under  the  40,  60,  and  80%  irrigation  regimes, 
respectively.   Growth  rates  were  low  (circled  values)  under  high  levels  of  available  water  (>90%) 
when  rainly  periods  followed  an  irrigation  and  they  may  be  due  to  poor  aeration  in  the  root  zone." 
The  high  growth  rates  (circled  values)  at  relatively  low  levels  of  available  water  were  associated 
with  brief  rain  showers  and  the  apparent  stalk  elongation  probably  reflects  cell  enlargement.   The 
circled  values  were  not  used  in  the  regression  analysis.   Mean  soil  water  tensions  were  approximately 
1,  2,  and  4  bars  in  the  upper  60  cm  of  profile  after  each  irrigation  cycle  under  the  40,  60,  and  80% 
irrigation  regimes. 
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o  |52  cm 

*  182  cm 


Allowable     depletion    60  % 


Y=020  +  0.024X 
r  =  075*« 


Allowable     depletion    4> 


Y  --I  22  +0042X 
r  =0  71** 


J I i I i i i 


J L 


30  40  50  60  70  80  90  100        40  50  60  70  80  90  100         60  70  80  90 

AVAILABLE     SOIL    WATER,  % 


Figure  2.   Sugarcane  stalk  elongation  rates  as  affected  by  soil  water  availability. 

Yields 

Irrigation  regimes  and  row  spacings  significantly  affected  cane  yields  (Table  2).   Cane  grown 
under  the  40  and  60%  irrigation  regimes  generally  outyielded  that  grown  under  the  80%  irrigation  regime. 
Cane  yield  response  was  largest  for  plant  cane.   The  40%  irrigation  regime  increased  yields  by  15.8 
metric  tons/ha.   Decreasing  row  spacings  from  182  to  122  cm  increased  cane  yields  by  7.9  and  11.1 
metric  tons/ha  in  the  plant  and  first  ratoon  crops,  respectively.   However,  narrowing  the  row  spacings 
did  not  significantly  increase  yields  of  the  second  and  third  ratoon  crops.  Yields  at  the  152-cm  row 
spacing  did  not  differ  significantly  from  those  obtained  with  either  of  the  other  two  row  spacings. 
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Table  2.   Mean  cane  and  sugar  yields  as  affected  by  irrigation  regime  and  row  spacing. 

1 


Crop 
cycle 


40 


Irrigation  regime 


% 


Row  spacing  -  cm 


60 


80 


122 


152 


182 


Cane  Yields 


metric  tons /ha 


Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 


Mean 


Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 


Mean 


147.8a 
132.7a 
117.4a 
117.8a 
128.9 


15. la^ 

12.8a 

11.9a 

13.4a 

13.4 


147.7a 

132.0b 

141.0a 

135.4a 

119.2a 

114.2a 

120.7a 

114.3a 

132.2 

125.2 

Sug< 

ir  Yields 

metric  tons/ha 

13.9b 

11.7c 

14.1a 

12.9a 

13.1b 

11.5a 

14.0a 

13.5a 

13.8 

12.4 

144.6a 
142.0a 
117. 9ab 
120.1a 
131.2 


15.1a 
14.3a 
12.0a 
14.0a 
13.9 


145.7a 
136. 3ab 
112.6a 
114.4a 
127.3 


13.2b 
13.4b 
11.9a 
13.5a 
13.0 


136.7b 
130.9b 
124.0b 
118.9a 
127.6 


12.4b 
12.2c 
12.7a 
13.4a 
13.7 


Allowable  depletion  of  available  water  in  top  60  cm  of  soil  profile. 

2Row  values  followed  by  same  letter  are  not  significantly  different  at  5%  probability  level  by 
Duncan's  multiple  range  test. 

The  irrigation  regimes  and  row  spacings  affected  three  yield  components --mean  stalk  length,  stalk 
weight,  and  number  of  millable  stalks  (Table  3).   Cane  stalks  from  the  40%  irrigation  regime  were  longer 
than  those  from  the  80%  irrigation  regime  and  in  some  crops  heavier.   Row  spacings  did  not  significantly 
affect  stalk  length.   However,  stalks  growing  on  182-cm  spaced  rows  were  significantly  heavier,  but  fewer 
than  those  on  122-cm  spaced  rows  each  year  of  the  study.   Frequent  irrigations  (40%  irrigation  regime) 
increased  the  millable  stalk  population  of  the  plant  cane,  but  decreased  the  stalk  population  of  the 
second  ratoon  crop. 

Table  3.   Mean  stalk  length  and  weights  and  number  of  millable  stalks  as  affected  by  irrigation  regimes 
and  row  spacing. — 


Crop 
cycle 


Irrigation  regime-1 


Row  spacings  -  cm 


40 


60 


80 


122 


152 


182 


Stalk  Length 


Plant 
1st  rtn 
2nd  rtn 

3rd  rtn 


Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 


Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 


284a2 
259a 
250a 
237a 

280a 
268a 
239b 
236a 

260b 
248a 
232b 
221b 

Stalk  Weight 

kg/stalk 

272a 
261a 
235a 
237a 

282a 
260a 
242a 
231a 

274a 
253a 
244a 
227a 

1.36a2 
1.23a 
1.02a 
1.24a 

1.35a 
1.27a 
0.96ab 
1.22a 

1.25b 
1.25a 
0.89b 
1.24a 

1.21a 
1.19a 
0.94a 
1.19a 

1.34b 
1.29b 
0.93a 
1.20a 

1.40b 
1.27b 
1.00b 
1.32b 

No.  of  Millable  Stalks 

stalk/ha 

110372a2 

108094a 

115381a 

95153 

110224a 

111259b 

124281ab 

98682 

104738b 

109221ab 

129584b 

92188 

119149a 
119675a 
125428b 
100611b 

108576b 
105947b 
121032a 
95378ab 

97651c 
102954b 
122736a 

90046a 

^-Allowable  depletion  of  available  water  in  top  60  cm  of  soil  profile. 
2Row  values  followed  by  same  letter  are  not  significantly  different  at  5%  probability  level  by  Duncan  s 
multiple  range  test. 
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Correlation  coefficients  (Table  4)  indicated  that  cane  yields  were  statistically  related  to  the 
millable  stalk  population  of  the  plant,  first  and  third  ratoon  crops,  and  to  the  mean  stalk  weights  of 
the  second  ratoon  crop.   Stalk  weights  were  inversely  related  to  the  number  of  millable  stalks. 
Within  the  range  of  plant  densities  established  in  this  study,  multiple  regression  analysis  indicated 
that  the  millable  stalk  population  and  mean  stalk  weights  were  equally  important  in  accounting  for 
yield  variability  in  all  crop  cycles  (Table  5). 

Table  4.   Correlation  coefficients  (r)  relating  cane  yields  with  the  number  of  millable  stalks  or  the 
mean  stalk  weights  in  different  crop  cycles. 


Crop 
cycle 


Millable  stalk 
population 


Stalk 
weight 


Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 


0.65* 
0.79* 
0.07 
0.66* 


0.20 
0.13 
0.67* 
0.25 


*Significant  at  5%  probability  level. 


Table  5.   Multiple  regression  equations  relating  cane  yields  (Y)  to  number  of  millable  stalks  (Xl)  and 
mean  stalk  weights  (X2)  in  different  crop  cycles. 


Crop 
cycle 


Regression 
Y  =  a  +  bXi  +  cX2 


Standard  partial 
regression  coefficient 

b\.2  b^.i 


Plant  Y  =  -  110.9  +  0.0012x1  +  95.78x2 

1st  rtn  Y  =  -  198.6  +  0.0029X!  +  165.24X2 

2nd  rtn  Y  =  -  108.1  +  0.0009X!  +  117.92X2 

3rd  rtn  Y  =  -  109.5  +  0.0012XJ  +  90.91X2 


0.99** 
0.96** 
0.99** 
0.99** 


1.22 
1.39 
1.02 
1.14 


0.94 
1.38 
1.37 
0.90 


-'"'-Significant  at  17!,  probability  level. 

Sugar  yield  responses  to  the  irrigation  regimes  were  significant  (p=0.05)  for  only  the  plant  cane. 
However,  sugar  yield  differences  in  the  first  ratoon  cane  were  significant  at  the  10%  probability  level. 
Decreasing  the  row  spacing  significantly  increased  sugar  yield  of  the  plant  and  first  ratoon  crops 
(Table  2).   The  increases  in  sugar  yields  with  frequent  irrigations  (40%  irrigation  regime)  were  due 
mainly  to  a  higher  plant  population;  whereas,  the  increased  sugar  yields  from  narrower  row  spacings 
also  reflected  a  corresponding  significant  increase  in  the  apparent  sucrose  (pol),  brix,  and  purity  of 
the  juice  (Table  6). 

Apparent  sucrose  (pol)  content  of  juice  from  the  second  ratoon  crop  correlated  significantly  with 
sheath  moisture  content  (ryi  =  -0.453*)  and  leaf  P  concentration  (rv2  =  -0.634**)  at  harvest.   However, 
the  P  concentration  was  significantly  affected  by  the  moisture  status  of  the  plant  (r  =  0.810**).   The 
partial  correlation  (ry  -^  2  =  0.135)  between  pol  and  sheath  moisture  content  at  a  single  P  level  was 
not  significant.   This  suggested  that  the  correlation  between  percent  pol  and  sheath  moisture  reflected 
the  strong  moisture -P  relationship. 

Yields  of  plant  and  first  ratoon  cane  increased  as  row  spacing  decreased,  but  not  as  much  as  that 
reported  in  the  Louisiana  studies  (Matherne,  1972).   Decreasing  row  spacing  from  182  to  122  cm  required 
more  seed  cane  (2.4  metric  tons/ha),  but  increased  total  yields  by  19.0  metric  tons/ha  in  two  cropping 
cycles. 

An  irrigation-management  practice  based  on  60%  depletion  of  the  available  water  from  the  top 
60  cm  of  soil  seems  to  be  the  most  efficient  in  terms  of  maintaining  high  growth  rates  and  yields  while 
conserving  limited  irrigation  water  supplies. 
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Table  6.  Apparent  sucrose  (pol),  brix,  and  purity  of  sugarcane  juice  as  affected  by  irrigation  regime, 


and  row  spacm 

Irr 

igation  regime 

-  % 

Row 

spacing   -  cm 

Crop 

40 

60 

80 

122 

152 

lbV 

%  Pol 

Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 

13.7 
13.6 
13.9a 
15.3 

13.2 
13.9 
15.1b 
15.6 

12.9 
13.2 
14.0a 
15.8 

"L  Brix 

14.0b2 
14.1b 
14.3ab 
15.6 

12.9a 
13.6ab 
14.9b 
15.7 

13.1a 
13.0a 
13.7a 
15.3 

Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 

16.9 
16.4 
16.3a 
17.0 

16.4 
16.6 
17.5b 
18.1 

16.2 
16.0 
16.5a 
18.2 

%  Purity 

17.1a 
16.8b 
16.7ab 
18.0 

16.1b 
16.3b 
17.3b 
18.3 

16.3b 
15.9a 
16.2a 
17.8 

Plant 
1st  rtn 
2nd  rtn 
3rd  rtn 

18.1 
82.9 
85.3 
85.5 

80.5 
83.5 
86.1 
85.9 

79.7 

82.5 
84.9 
86.5 

81.9b2 
83.6b 
85.4 
86.5 

79.8a 
83.6b 
86.4 
86.0 

79.9a 
81.6a 
84.5 
85.4 

Allowable  depletion  of  available  water  in  top  60  cm  of  soil  profile.  

Vlues  in  same  row  followed  by  same  letter  are  not  significantly  different  at  10%  probability  level 
by  Duncan's  multiple  range  test. 
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HISTORY  OF  SANTA  ELISA  NEW  MILL  TANDEM 

Guillermo  Aleman 

Glade  Sugar  House 

Belle  Glade,  Florida 

La  Usina  Santa  Elisa  (Santa  Elisa  Sugar  Factory)  in  the  city  of  Sertaozinho,  State  of  Sao  Paulo 
Brazil,  has  just  completed  the  installation  of  a  new  cane  grinding  mill  tandem  in  what  we  consider 
record  time  for  the  assembly  of  any  equipment  of  this  magnitude  and  characteristics. 

The  tandem  is  a  Zanini-Farrel  formed  by  two  sets  of  cane-knives  and  six  mills  42"  x  84",  each  unit 
driven  by  a  1250  HP  steam  turbine  for  a  nominal  capacity  of  8500  metric  tons  of  cane  in  24  hours. 

All  of  the  components  of  the  tandem  were  fabricated  by  "Zanini  Equipamentos  Pesados"  of  the  city  of 
Sertaozinho,  S.P.,  Brazil,  under  license  from  Farrel  Company  of  Ansonia,  Connecticut,  U.S.A. 

By  the  way,  all  the  rest  of  the  equipment  in  this  sugar  factory,  (Usina  Santa  Elisa),  steam  genera- 
tors, boiling  house,  centrifugals,  etc.,  etc.,  the  complete  sugar  factory,  is  from  the  Zanini  Machinery 
and  Foundry  Shops,  that  is,  100%  home  made  in  Brazil. 

And  it  is  because  of  these  two  facts,  a)  the  record  time  in  which  the  tandem  was  assembled,  and 
b)  the  domestic  Brazilian  manufacturing  of  all  the  equipment  components,  that  we  were  enticed  to  present 
this  paper  that  could  very  well  have  been  titled:   "What  is  going  on  in  Brazil." 

Physical  Chronogram  and  Sequence  of  Assembling  Charts. 

As  can  be  seen  in  the  physical  chronogram  (Fig.  1)  and  sequence  of  assembly  (Fig.  2),  the  schedule 
of  erection  of  the  building  and  the  mill  tandem  was  as  follows: 

(1)  Demarcation  of  site  (measurements)  took  place  September  30,  1976. 

(2)  Piling  was  accomplished  from  September  25  to  December  10,  1976. 

(3)  Excavations  for  blocks  and  foundation  beams  from  October  1  to  November  3,  1976. 

(4)  Blocks  and  foundation  beam  concrete  casting  from  October  29  to  November  6,  1976. 

(5)  Pillars  and  beams  concrete  casting  from  November  3   to  December  30,  1976. 

(6)  Metal  frame  works  from  November  11,  1976  to  January  30,  1977. 

(7)  Roof  tiling  from  February  10  to  February  20,  1977. 

(8)  Excavation  of  mill  bases  from  December  10  to  December  20,  1976. 

(9)  Mill  bases  concrete  casting  from  December  20,  1976  to  February  28,  1977. 

(10)  Internal  floor  from  February  5  to  February  28,  1977. 

(11)  Masonry  from  December  20,  1976  to  February  20,  1977. 

(12)  Metal  squares  from  November  25,  1976  to  January  10,  1977. 

(13)  Placement  of  glasses  from  January  10  to  January  20,  1977. 

(14)  Transportation  of  equipment  from  February  12  to  May  10,  1977. 

(15)  Placement  of  bases,  mill  housings,  general  alignment  and  levelling,  fixation  and  soldering 
from  April  22  to  May  5,  1977. 

(16)  Assembling  of  reductor  gear  trains  and  steam  turbines  from  May  5  to  June  1,  1977. 

(17)  General  finishing  of  pipings,  hydraulic  and  electric  connections  and  experimental  operations 
from  June  1  to  July  30,  1977. 

(18)  Cane  grinding  starting  August  1,  1977. 

Summing  up,  from  demarcation  of  the  site  on  September  30,  1976  to  the  date  they  started  grinding 
operations  on  August  1,  1977  only  10  months  had  elapsed. 

And  out  of  the  sequence  of  the  assembling  chart  (Fig.  2)  we  can  see  that  the  critical  path  of  the 
assembly  comprised  (point  A)  April  15  to  (point  Z)  July  5,  that  is,  90  days. 

The  history  of  the  Santa  Elisa  new  mill  tandem  in  particular  and  that  of  this  Usina  (sugar  factory) 
itself  and  its  directors  is  just  an  example  of  what  is  going  on  at  present  in  Brazil  and  in  the  Brazilian 
sugar  industry  in  particular. 

Usina  Santa  Elisa  has  been  producing  sugar  and  alcohol  since  early  in  this  century. 

Until  1936,  the  then  small  sugar  factory  became  an  important  sugar  mill,  and  started  a  sequence 
of  growing  and  improving  that  has  never  stopped.   From  a  production  of  300,000  bags  of  sugar  of  60  kg 
each  in  1956,  it  went  up  to  1,305,000  bags  in  1974-75  and  is  presently  equipped  for  a  production 
estimated  in  2,000,000  bags  (120,000  tons)  of  sugar  for  1977-78  crop. 

Besides  the  sugar  factory,  it  has  an  annexed  alcohol  distillery  with  a  capacity  of  more  than  300,000 
liters  of  absolute  alcohol  per  day,  estimating  the  production  for  the  present  year  in  50,000,000  liters 
of  alcohol. 
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Usina  Santa  Eiisa  S.A. 


PHYSICAL         CHRONOGRAM 


COSTRUCTION      OF    FARREL      TANDEM     BUILDING       INCLUDING 
MECHANICAL         PARTS 
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In  1972-73  the  old  factory,  which  already  had  a  grinding  capacity  of  2500  metric  tons  per  day  was 
replaced  by  a  complete  new  one  with  a  nominal  grinding  capacity  of  4500  m.t.  per  day  with  a  new  Type  MB 
Zanini  tandem  of  2  sets  of  cane  knives  and  6  mills  37"  x  80". 

With  this  tandem  and  improvements  made  in  the  boiling  house  and  steam  generators,  etc.,  the  factory 
was  able  to  grind  6870  m.t.  of  cane  per  day,  as  an  average,  hitting  during  several  days  the  figure  of 
7000  m.t.   Now,  with  the  addition  of  the  new  Zanini-Farrel  tandem,  subject  of  this  presentation,  the 
grinding  capacity  of  the  plant  has  been  brought  up  to  15000  m.t.  for  making  sugar  and  alcohol. 

The  Usina  has  been  owned  and  operated  since  1936  by  the  firm  M.  Biagi  &  Co. ,  of  which  Don  Maurilio 
Biagi  is  Director  President,  Maurilio  Biagi  Filho,  Director  Gerente  and  Waldemar  Manfrim  Gerente  Industrial. 

The  case  of  Usina  Santa  Elisa  and  its  directors  is  presently  repeated  throughout  the  Brazilian  sugar 
industry  and  is  the  response  of  this  industry  to  the  programs  launched  by  the  nation  for  the  incrementation 
of  alcohol  production  in  large  scale  to  substitute  gasoline,  not  only  alleviating  the  energy  crisis,  but 
at  the  same  time  creating  jobs. 

We  would  not  like  to  close  this  presentation  without  quoting  two  phrases  we  heard  in  Brazil  during 
the  ISSCT  XVI  Congress  recently  held  in  that  country. 

One  is  from  the  Chairman  of  the  Congress,  Dr.  Helio  Morganti,  who  in  his  opening  speed  described 
the  Brazilian  alcohol  program  as  aiming  to  "replace  a  nonrenewable  mineral  resource  by  renewable 
vegetal  derivatives." 

The  other  one,  as  a  matter  of  fact,  from  Don  Maurilio  Biagi,  President  of  Santa  Elisa  and  of  Zanini 
Equipamentos  Pesados,  when  he  told  me:   "We  have  enough  land  and  sunlight  and  also  plenty  of  hands 
available  and  willing  to  do  the  job  of  transforming  solar  energy  into  usable  fuel  through  agro- industry 
means . " 
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SUGGESTIONS  FOR  REDUCING  TOTAL  ORGANIC  CARBON 
FOR  IMPROVED  BOILER  OPERATION 

Pedro  R.  Arellano  and  James  S.  Rauh 
Olln  Water  Services 
Kansas  City,  Kansas 


ABSTRACT 


trials  Increasing  the  vents  for  non- condensable  gases  in  evaporators,  vacuum  pans  and  deaerators. 

With  the  emphasis  today  on  conservation,  water  ranks  high  among  those  natural  ="°™c"  *£V£L ba 
recycled   In  the  operation  of  modern  sugar  mills,  maximum  recovery  and  reuse  of  water  is  particularly 

7aII        A  nrimarv  example  of  water  reuse  is  the  recovery  of  evaporator  condensates  that  are  reused  as 
holler  feedwater   Since  the  boSr  plant  is  the  heart  of  sugar  mill  operations,  recycled  water  used  or 
boUer  feedwater'must  L  of  sufficient  quality  to  maximize  boiler  availability  and  continued  efficient 
generation  of  steam. 

Evaporator  condensates  have  been  found  to  be  contaminated  with  ammonia,  carbon  dioxide  and  °rganics 
h  llflTtl   acids  and  acetaldehyde.   It  is  generally  known  that  organic  contaminants  can  cause  foaming, 
timing  2d  carryover  in Taers  whin  they  are  present  in  high  concentrations.   Under  these  conditions 
the boiler  villi   Js  subject  to  deposition  in  superheater  tubes  and  turbines  that  may  cause  severe  damage 
leading  to  tube  failures!  reduced  power  output  and  subsequent  forced  shutdown  for  cleaning  or  repairs 
The  presence  or  tnese  volatile  non-sugar  contaminants  can  severely  limit  the  efficient  operation  of  the 

^Uwhichythe  boiler Z   be     aid!  Lower  operating  concentrations  are  less  efficient,  since  increased 
blowdown  mean  loss  of  Btu's/requires  more  chemical  treatment,  and  results  in  higher  operating  costs. 

The  significance  of  operational  difficulties  that  may  result  from  increased  organic  contamination 

t  ionizable  and  may  be  volatile,  thus  they  are  not  detectable  by  the  above  means   There  are, 
Swever,  several  methods  available  for  determining  -ncentrat J-s  f  organics-  ^^ie  Measurement 
measurement  of  total  organic  carbon  for  this  purpose  because  of  its  ability  to  give  a  u 
TfZ   organic  contamination  and  its  simplicity  of  operation  as  compared  to  the  indirect  oxidation 
titration  procedures.   A  brief  outline  of  the  total  organic  carbon  procedure  appears  in  Appendix  I. 

With  the  above  purpose  in  mind,  determinations  of  total  organic  carbon  in  condensates  boiler  feed- 
waters  and  boiler  waters  were  made  on  samples  from  numerous  Florida  Sugar  Mills  over  several  crops 
Also  laboratory  tests  were  conducted  on  these  samples  to  attempt  a  reduction  of  their  total  organic 
Srbon  (organic'iSuritles)  content.   The  data  are  shown  in  Fig.  1  through  6  and  the  maJOr  observations 
are  summarized  below. 

Fie  1  and  2  demonstrate  that  significant  levels  of  organic  contamination  are  present  in  all  of  the 
mills  amp  ed  as  measured  by  total  organic  carbon.   It  may  also  be  noted  ^^J^J^™^ 
different  mills.   Fig.  2  also  shows  significant  increases  in  organic  contamination  in  1976/77  over 
previous  crop  that  may  be  associated  with  freeze  damage  to  the  latter  crop. 

Fig.  3  and  4  compare  data  collected  at  two  Florida  mills.   Columns  4  and  5  of  the  bar  graphs of 
the  various  samples  compare  total  solids  and  total  organic  carbon.   Total  solids  were  determined  by 

contamination  in  the  condensate  No.  1  and  the  boiler  feedwater  is  volatile. 


139 


Hill  a  mill  b  Mill  C  mill  d  Mill  e 


Figure  i  -  Total  Organic  Carbon 
In  Boiler  Feed  Water  and  Conden- 
sate   NO.     I    (1975/76    CROP)    FOR 

Five  Florioa  Mills 


Fig.    1.      Total   organic    carbon   in   boiler   feed  water   and   condensate   No.    1    (1975/76   crop)    for   five   Florida  mills. 


Fig.    2.      Total   organic   carbon   in   boiler   feed  water   and   condensate  No.    1    (1975/76  and    1976/77    crops)    for 
four   Florida  mills.      Note:      Average   of   condensates   Nos.    1    and   2    (5200  mg/1   and    1800  mg/1) . 
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Fig.  3. 
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Figure  3  -  Comparison  of  Total 
Organic  Carbon,  Total  Solids, 
and  Total  dissolved  Solids  in 
Boiler  Feed  Hater,  Condensate 

NO.  1,  AND  BOILER  WATER  (1975/76 
AND  1976/77  CROPS)  FOR  FLORIDA 
MILL  "A" 


Comparison  of  total  organic  carbon,  total  solids,  and  total  dissolved  solids  ^boiler  feed 
water,  condensate  No.  1,  and  boiler  water  (1975/76  and  1976/77  crops)  for  Florida  mill  A  . 
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Fig.  4.   Comparison  of  total  organic  carbon,  total  solids,  and  total  dissolved  solids  in  boiler  feed  water, 
condensate  No.  1,  and  boiler  water  (1975/76  and  1976/77  crops)  for  Florida  mill  B  . 
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CONDENSATE    NO.     l 
Sample  as  received 
At  end  of  test 

CONDENSATE    NO.    2 
Sample  as  received 
At  end  of  test 


TQC.MG/L  EH  NH3.MG/L 

3400  9.2     20.1 

1500  8.5      15.9 

3400  6.8      36.6 

1800  7.2      36.6 


FIGURE   5  -  Condensate  No.    i   and 
Condensate  No.    2   Heated  to  90°C  Under 
20   in.   of  Water  Vacuum  for   io  Minutes 


Fig.  5.   Condensate  No.  1  and  condensate  No.  2  heated  to  90  C  under  20  in.  of  water  vacuum  for  10  minutes. 
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Fig.  6.   Total  organic  carbon  in  condensate  No.  1  and  condensate  No.  2  versus  time  at  85  C  under 
vacuum  after  heating  to  the  boiling  temperature. 
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It  can  be  seen  in  the  boiler  water  samples  that  total  organic  carbon  levels  are  only  a  fraction  of 
the  total  solids.  At  the  alkalinities  experienced  in  the  boilers,  as  much  as  90%  of  certain  volatile 
oreanics  may  be  converted  to  non-volatile  organic  compounds  which  cause  color  formation.   Also,  compari- 
son of  the  boiler  water  samples  again  shows  the  significant  increase  in  organic  contamination  in  the 
1976/77  crop  as  compared  to  the  previous  crop. 

A  series  of  tests  were  carried  out  on  some  of  the  samples  which  were  compared  in  the  previous  data. 
The  tests  are  outlined  below. 

Condensate  No.  1  in  Fig.  3  had  a  total  organic  carbon  content  of  800  mg/1.   After  evaporating  the 
sample  to  dryness  at  110  C  (230  F)  the  total  solids  amounted  to  only  60  mg/1.   Condensate  No.  1  in  Fig.  4 
had  a  total  organic  carbon  content  of  310  mg/1  and  total  solids  of  less  than  5  mg/1  after  evaporating 
sample  to  dryness  in  the  same  manner.   Over  92%  of  the  volatile  organic  components  were  driven  off  in 
these  tests. 

Condensate  No.  1  and  condensate  No.  2  from  a  mill  were  held  under  20"  of  water  vacuum  at  90  C 
(194  F)  for  10  minutes  with  the  results  shown  in  Fig.  5.   Total  organic  carbon  was  determined  by  the 
method  outlined  in  Appendix  I.   Ammonia  was  determined  by  the  Nesslerization  method   Total  organic  car- 
bon levels  of  both  condensate  No.  land  No.  2  were  substantially  reduced.   The  pH  of  No.  1  was  reduced 
from  9.2  to  8.5,  apparently  due  to  loss  of  ammonia.   The  pH  of  No. .2  increased  from  6.8  to  7.2  possibly 
due  to  loss  of  acidic  organic  compounds  leaving  the  ammonia  content  unchanged. 

Condensate  No.  1  and  condensate  No.  2  samples  were  held  at  85  C  (185  F)  under  20  and  26  cm  of 
mercury  vacuum  respectively  for  30  minutes.   Determinations  of  total  organic  carbon  levels  were  made 
at  five  minute  intervals.   The  results  are  plotted  in  Fig.  6.   It  is  readily  apparent  in  both  cases 
that  over  40%  of  the  total  organic  carbon  was  removed  by  this  method. 

In  the  normal  operation  of  evaporators  and  vacuum  pans,  noncondensable  gases  are  continuously 
and  systematically  removed.   The  purpose  is  to  prevent  pressure  buildup,  and  reduction  of  heat  transfer 
and  evaporator  capacity.   In  addition,  with  lower  vapor  pressure  above  the  condensate  in  the  calandna, 
the  condensate  will  have  lower  levels  of  volatile  organic  contaminants.   Ammonia  and  carbon  dioxide 
levels  in  the  condensate  will  be  lower,  thus  reducing  evaporator  tube  corrosion  and  the  amount  of  copper 
deposited  in  the  boilers,  and,  helping  to  maintain  the  correct  PH  for  minimizing  corrosion  without  the 
use  of  neutralizing  chemicals. 

The  above  tests  indicate  that  additional  noncondensable  gases  (volatile  organic  contaminants)  can 
be  removed  by  improvements  in  venting  or  flashing  of  evaporators,  vacuum  pans  and  deaerators.   The 
improved  operational  benefits  achieved  must  be  weighed  against  possible  increases  in  operational  costs 
to  determine  the  most  appropriate  method  for  accomplishing  this. 

Finally,  the  test  results  also  suggest  that  in-plant  testing,  to  determine  minimum  obtainable 
levels  of  organic  contamination  in  condensates,  boiler  feedwater  and  boiler  water  will  improve  boiler 
operation  by  reducing  foaming,  priming  and  carryover  tendencies.   The  resulting  boiler  operation  at 
higher  concentrations  will  be  more  efficient.   Further  studies  may  be  warranted  to  determine  alternate 
methods  of  removing  or  reducing  organic  contamination  in  recycled  water  in  sugar  mills. 
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APPENDIX  I 
Beckman  Model  915  Total  Organic  Carbon  Analyzer 

Sample  Preparation 

If  samples  contain  appreciable  amounts  of  solids,  these  must  be  reduced  in  size  and  suspended  prior 
to  analysis  so  that  they  will  pass  through  the  syringe  needle.   Size  reduction  can  be  accomplished  with 
a  household  blender  by  blending  at  high  speed  for  15  to  30  seconds. 

Procedure 

1.  Turn  Sample  Select  Valve  to  desired  position  (Total  Carbon  or  Inorganic  Carbon). 

2.  Fill  syringe  (20  ul) : 
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a.  Immerse  needle  in  given  sample  or  standard,  withdraw  plunger  beyond  stop,  then  return 
plunger  to  stop  to  expel  air  bubbles. 

b.  With  tip  immersed,  expel  all  of  syringe  by  depressing  button. 

c.  Repeat  a  and  b  until  syringe  contains  no  air  bubbles. 

3.  Wipe  excess  solution  from  syringe  with  a  soft  tissue,  making  sure  no  lint  adheres  to  the  syringe 
needle. 

4.  Remove  plug  from  appropriate  syringe  needle  guide,  insert  syringe  and  inject  sample  into  the 
combustion  tube. 

5.  Leave  syringe  in  holder  until  peak  has  reached  its  maximum  displacement,  then  remove  syringe 
and  replace  plug. 

6.  Before  injecting  next  sample  into  either  channel,  wait  for  the  recorder  to  return  to  the  normal 
baseline  (zero) . 

7.  Displacement  of  sample  peaks  on  the  recorder  paper  is  converted  to  mg/1  (ppm)  carbon  using  the 
predetermined  calibration  curves. 

8.  After  use,  instrument  settings  and  adjustments  remain  unchanged  except  placing  the  Infrared 
Analyzer  in  the  Standby  position,  reducing  the  carrier  gas  flow  rate  to  10  cc/min,  and  turning  HIGH 
temperature  furnace  to  the  LOW  position. 

9.  Turn  off  recorder. 

10.  Remove  and  cover  pen. 

11.  Rinse  syringe  with  deionized  water. 
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REPORT  ON  OPERATING  THE  W.  R.  COWLEY  SUGAR  HOUSE 

Dick  Avrill  and  Segundo  Valle 

Rio  Grande  Valley  Sugar  Growers,  Inc. 

Santa  Rosa,  Texas 


ABSTRACT 

The  first  of  two  brief  reports  covers  the  use  of  a  CF  &  I  fiberizer  at  the  Cowley  Sugar  House, 
including  the  use  of  tungsten  carbide  wear  pads  on  the  fiberizer.   Other  subjects  include  juice 
recycling-  for  last  mill  maceration,  to  maximize  factory  sugar  production  and  mill  roll  welding  to 
assist  mill  feeding.   The  second  report  discusses  the  use  of  magnesium  oxide  to  prevent  scaling  in 
evaporators  with  an  explanation  of  the  organic-type  scale  deposited  on  juice  heaters  and  P«- 

'when  milling  the  variety  CP  52-68.   There  is  also  brief  mention  of  vapor  bleeding  from 
the  two  pre-evaporators,  operated  in  parallel  at  Cowley,  to  increase  the  evaporator  capacity,  as 
well  as  give  other  benefits  in  the  boiling  house  operations. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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LIQUID  CHROMATOGRAPHY  AND  THE  SUGARS1 


Scott  R.  Bushman 


ABSTRACT 


A  brief  description  of  chromatography  and  its  applications  is  given,  as  well  as  a  summary 
of  preliminary  experiments  leading  to  the  development  of  methods  for  sugar  mixtures  in  a  variety  of 
materials.  More  work  is  required  before  liquid  chromatography  procedures  can  be  recommended;  how- 
ever, this  preliminary  work  shows  that  high-performance  liquid  chromatography  is  very  quick  and  very 
sensitive  for  the  determination  of  monosaccharides,  sucrose  and  the  more  complex  polysaccharides 
present  in  different  products  in  a  raw  sugar  factory. 


Only  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 

146 


MUNICIPAL  SOLID  WASTE  AS  SUPPLEMENTARY  FUEL 


IN  THE  SUGARCANE  INDUSTRY1 

Cheng-Shen  Fang  and  James  D.  Garber 

Department  of  Chemical  Engineering 

University  of  Southwestern  Louisiana 

Lafayette,  Louisiana 

ABSTRACT 

For  years  natural  gas  and  bagasse  have  provided  the  steam  needed  to  process  the  sugarcane  in 
Louisiana   Some  sugar  mills  are  reportedly  85%  self-sufficient  in  energy  supply  by  burning  b  as 
Hoover  recently!  the  high  cost  of  natural  gas,  the  Environmental  Protection  Agency's  air  pollution 
control'regulati^s  and  the  Federal  Planning  Commission's  ruling  on  energy  priority  have  cast  a 

oS  shadS  on  the  future  energy  supply  for  the  sugarcane  industry.  ^  POtentx.^8olutiS  to  th» 
L„hiL  *.,  t-o  extract  energy  from  the  shredded  municipal  solid  waste,  which  is  readily  avaiiaDie  in 
larS  quant^ies   Since  the  market  value  of  municipal  solid  waste  is  negative  the  cost  of  install- 
In*  air-pollution  control  equipment  can  be  offset,  at  least  in  part,  by  receiving  the  solid  waste 
ihf  Stine  value  of  the  as-received  municipal  solid  waste  is  4,600  BTU  per  pound  which  is  appr«*- 
I^telv  eaual  to  the  heating  value  of  bagasse.   Engineering  problems  and  their  solutions,  such  as  the 
Sired  steps  in  preparing  the  municipa!  solid  waste  for  combustion  in  existing  furnaces  and  air- 
pollution  control,  are  discussed.   Furthermore,  the  economic  analysis  of  the  process  is  also  presented. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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ELECTRONIC  CANE  JUICE  SAMPLERS  AT  GLADES  SUGAR  HOUSE 

Luis  Gandia 

Planning  Department 

Sugar  Cane  Growers  Cooperative  of  Florida 

Belle  Glade,  Florida 

ABSTRACT 

Immediate  cane  load  identification  on  cane  carriers  and  continous  visual  tracking  as  each  load 
travels  from  the  dumping  station  to  the  first  mill  of  each  of  two  tandems  as  well  as  identification 
and  visual  travel  of  the  corresponding  juice  samples  on  their  way  to  the  laboratory  have  been  accom- 
plished at  the  Glades  Sugar  House  Mill  in  Florida.   The  in-house  developed  electronic  samplers  use 
readily  available  industrial  type  logic  modules  and  CMOS  MSI  devices.   The  design  is  very  flexible  and 
adapts  itself  to  different  cane  carrier  configurations  and  physical  size  through  the  use  of  programmable 
digital  counters  and  shift  register  modules.   A  plexiglass  mimic  panel  using  red  light  emitting  diodes, 
LED,  at  the  laboratory  shows  cane  load  positions  as  they  travel  to  the  first  mill,  juice  samples  in 
transit,  and  indication  and  record  of  the  number  of  cane  loads  dumped  and  samples  received  at  all  times. 

DESCRIPTION 

Cane  is  hauled  from  the  various  fields  to  the  mill  in  44-foot-long  cage  trailers,  each  load  being 
identified  by  a  numbered  cane  weight  ticket  issued  at  the  field  and  brought  to  the  mill  by  the  trailer 
driver.   Some  of  the  cane  trailers  are  dumped  into  the  cane  storage  pit;  but  the  majority  go  to  the 
direct  dump  station  for  immediate  and  continuous  grinding. 

The  purpose  of  the  juice  sampler  system  is  to  properly  identify  each  cane  trailer  load  received  at 
the  dumper  station,  identify  the  juice  sample  received  at  the  laboratory  and  have  a  continuous  visual 
picture  of  the  various  cane  loads  as  they  travel  in  the  two  cane  carriers  towards  the  first  mill. 

An  accounting  of  the  number  of  cane  loads  dumped,  loads  in  transit,  samples  received  and  in  transit 
is  incorporated  in  a  graphic  display  (mimic)  panel  installed  at  the  laboratory. 

Fig.  1  is  a  schematic  diagram  of  the  West  Mill  juice  sampler  mimic  panel.   In  this  figure,  C1W 
represents  the  first  cane  carrier  which  discharges  on  the  second  and  last  carrier  C3W.   C2W-A  and  C2W-B 
form  a  carrier  used  for  feeding  cane  from  the  storage  pit  during  those  instances  when  direct  dumping  is 
stopped.   Small  circles  in  the  panel  represent  LED's  which  are  electronically  turned  on  and  off  by  the 
logic  system  to  show  the  position  of  each  cane  load  center  line  as  they  travel  in  the  two  carriers  and 
whether  one  or  two  samples  of  juice  are  in  transit  towards  the  laboratory. 


Fig.  1.   West  Mill  juice  sampler. 
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LED's  25  and  13  indicate  the  rate  of  travel  of  carriers  C1W  and  C3W  respectively.   LED  26  indicates 
when  a  cane  trailer  is  ready  for  dumping  its  cane  load  into  carrier  ClW  and  LED  27  is  turned  on  when  the 
dumper  operator  stamps  the  cane  weight  ticket  delivered  to  him  by  the  trailer  driver.   LED  2  is  on  as 
long  as  there  is  juice  flow  in  the  2"  stainless  steel  pipe  going  through  the  lab. 

At  the  time  a  sample  is  received  at  the  lab,  LED  1  turns  on  and  turns  off  after  the  required  amount 
of  juice  has  been  collected.   An  electric  ticket  counter  and  sample  counter  are  part  of  the  display  panel 
and  are  used  to  record  the  number  of  cane  loads  processed  during  the  day. 

DESIGN  AND  OPERATION 

The  design  is  based  on  the  use  of  Digital  Equipment  Corporation  K  series  industrial  type  logic 
modules  and  in  house  built  MOS  flip-flop  cards  and  opto-coupler  pulse  generators. 

A  pulse  generator  is  installed  at  the  south  end  of  cane  carrier  C1W  intermediate  speed  reducer  shaft 
and  produces  10  pulses  per  shaft  revolution.   Each  revolution  of  this  shaft  corresponds  to  a  carrier 
travel  of  0.0686  feet  and  it  takes  1400  revolutions  of  the  shaft  for  the  dumped  cane  load  center  to 
travel  the  96-foot  distance  between  the  dumping  position  and  the  end  of  the  carrier,  thus  creating  14,000 
pulses  during  this  travel. 

The  pulse  generator  installed  at  cane  carrier  C3W  main  shaft  produces  108  pulses  for  the  88  feet  of 
its  travel. 

Carrier  C1W  is  represented  in  the  logic  design  by  a  40  bit  shift  register  and  carrier  C3W  by  a  36  bit 
shift  register. 

The  40  bit  shift  register  for  C1W  requires  40  shift  pulses  for  complete  transferring  of  digital  data 
from  beginning  to  end,  and  since  the  pulse  generator  produces  14,000  pulses  during  its  complete  travel, 
a  divide-by-350  digital  module  is  incorporated  in  the  design  to  produce  the  required  40  shift  pulses. 
Similarly,  the  36  bit  long  shift  register  for  C3W  requires   36  shift  pulses  for  complete  transferring 
of  its  input  data  and  since  C3W  pulser  produces  108  pulses  for  complete  travel,  a  divide-by-3  digital 
module  is  incorporated. 

The  presence  or  absence  of  a  cane  load  in  the  first  carrier  ClW  is  detected  by  a  heavily  built 
switch  installed  12  feet  back  of  the  dumping  position  center  line  and  4  feet  above  carrier  slats.   This 
switch  is  operated  by  the  cane  as  it  travels  towards  the  second  carrier  C3W  and  makes  and  breaks  contact 
many  times;  so  in  order  to  hold  this  signal  when  the  switch  makes  and  breaks  the  first  time,  a  type  D 
flip-flop  is  used. 

When  the  cane  load  has  been  dumped  into  carrier  ClW  and  the  flip-flop  set  to  a  logic  1,  the  dumper 
operator  inserts  the  cane  weight  ticket  into  a  ticket  stamper  and  the  ticket  is  stamped  a  sequential 
number.   At  the  lab,  there  is  another  stamper  that  is  connected  in  parallel  with  the  dumper  station 
stamper  and  hence  operates  asynchronously  and  stamps  on  a  paper  tape  the  same  sequential  number  as  that 
stamped  on  the  cane  weight  ticket  at  the  dumper  station.   The  laboratory  girl  picks  up  this  stamped 
paper  tape  and  clips  it  on  an  empty  stainless  steel  sample  collector  jar.   Then  she  positions  the  jar 
to  receive  the  sample  at  the  correct  time  as  determined  by  the  systems  logic. 

This  mimic  panel  gives  the  sampling  operators  a  view  of  the  various  operations  in  the  cane  handling 
area  mill,  and  laboratory  which  are  directly  related  to  the  direct  dumped  cane  juice  sampling  process. 
It  also  indicates  when  direct  dumping  has  been  stopped  and  cane  is  being  brought  out  from  the  cane  storage 
area. 

When  a  cane  trailer  reaches  the  dumping  station  and  the  trailer  lifting  jacks  starts  up,  LED  26 
lights  up  and  will  remain  on  until  the  load  has  been  dumped,  the  hydraulic  jacks  are  back  to  normal 
position,  and  the  trailer  leaves  the  station. 

The  dumper  operator  stamps  the  corresponding  cane  weight  ticket  and  LED's  1  and  27  turn  on  simultan- 
eously indicating  that  the  cane  trailer  load  was  received  at  cane  carrier  ClW  and  its  corresponding 
ticket  properly  stamped.   The  Ticket  Counter  will  step  up  its  reading  by  one  count. 

As  cane  carrier  ClW  moves  toward  C3W,  LED  25  turns  on  and  off  indicating  the  rate  of  travel  of  this 
conveyor.   When  ClW  is  stopped,  LED  25  stops  flashing.   After  the  cane  has  traveled  14.4  feet,  LED  27 
will  go  off,  indicating  that  the  system  is  now  reset  ready  for  the  next  cane  trailer  to  be  dumped  as 
soon  as  there  is  adequate  space  in  the  cane  carrier.   LED  1  is  still  on;  but  it  will  go  off  and  LED  2 
will  turn  on  when  the  cane  travels  4.8  feet  further.   From  this  point  on,  for  every  9.6  feet  of  travel, 
the  next  LED  turns  on  and  the  one  immediately  behind  it  turns  off.   When  the  next  cane  load  is  dumped  and 
its  ticket  stamped,  LED's  1  and  27  will  turn  on.   Now  two  LED's  on  ClW  are  on,  each  indicating  the 
relative  position  of  the  dumped  cane  trailer  loads  center  lines. 

As  long  as  cane  carrier  ClW  keeps  running,  the  two  LED  lights  will  move  towards  cane  carrier  C3W 
and  when  the  cane  has  traveled  the  96-foot  length  of  carrier  ClW,  its  LED  light  will  disappear  and  LED  1 
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(first  light  on  carrier  C3W)  will  turn  on,  indicating  that  the  cane  load  center  line  has  now  reached 
this  carrier.   Motion  of  carrier  C3W  is  indicated  by  flashing  LED  13  light. 

As  carrier  C3W  moves  the  cane  towards  the  first  mill,  LED  2  turns  on  and  LED  1  turns  off  and  for 
each  9.78  feet  of  travel,  the  next  light  will  come  on  and  the  immediately  back  of  it  will  turn  off.   When 
the  cane  leaves  carrier  C3W,  the  last  light  (LED  9)  will  turn  off  and  the  sample- in-transit  light  (LED  3) 
will  turn  on  indicating  that  a  juice  sample  is  now  on  its  way  to  the  laboratory. 

When  the  proper  time  for  transfer  of  the  juice  sample  from  the  mill  to  the  lab  has  expired,  the 
sample  valve  will  open  and  its  LED  1  will  turn  on.   At  the  time  that  the  sample  jar  is  filled,  LED  1  will 
turn  off  and  the  sample  counter  count  will  step  up  one  count. 

Since  the  various  LED's  indicate  at  all  times  how  many  cane  trailer   loads  are  on  conveyors  C1W  and 
C3W  and  whether  there  are  juice  samples  in  transit,  the  juice  sampling  operator  can  check  the  operation 
at  any  time  since  the  ticket  counter  reading  must  equal  the  sample  counter  reading  plus  cane  and  juice 
lights  on.  Both  counters  are  resettable  and  are  set  to  0000  every  morning,  just  before  the  first  trailer 
load  reaches  the  dumper  station. 

Fig.  2  is  a  block  diagram  of  the  system.   The  first  sampler  was  built  during  the  summer  of  1973  and 
was  put  in  service  for  that  year's  crop  season.   It  has  been  in  service  since  then,  operating  satis- 
factorily.  Then  in  1975,  when  a  new  tandem  was  installed  to  increase  our  grinding  rate  to  20,000  tons 
per  day,  a  second  sampler  was  built  following  the  original  design  and  incorporating  the  required  changes 
to  conform  to  the  conveyors  layout  and  mill-laboratory  relative  positions.   This  second  sampler,  which 
we  call  West  Mill  juice  sampler,  has  been  in  operation  for  the  last  two  crop  seasons  and  has  performed 
just  as  well  as  that  for  the  East  Mill.   Maintenance  of  the  system  is  limited  to  cleaning  of  switch  C-l 
and  the  juice  strainer  at  the  first  mill. 


C-l  CANE 

DUMPER  TICKET 

STAMPER 
C-2  CANE 

TRUCK  PRESENCE 

JUICE  FLOW 


C-l  PULSE  GENERATOR 


C-3  PULSE  GENERATOR  _J 


CONTROL 
LOCIC 


CONVEYOR  C-l 
SHIFT  REGISTERS 


DATA 
TRANSFER 


CONVEYOR  C-2 
SHIFT  REGISTERS 


CMOS  LED'S  DRIVERS 


"MIMIC"  DISPLAY 
PANEL 


TIMING 


.JUICE  SAMPLE 
SOLENOID  VALVE 
-> LABORATORY  STAMPER 

..TICKET  COUNTER 
..SAMPLE  COUNTER 


Fig.  2.   Electonic  juice  sampler  block  diagram. 
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SOME  NOTES  ABOUT  FUEL  ECONOMY  IN  THE  RAW  SUGAR  FACTORY1 

Domingo  Isasi-Batlle  and  John  Copes 

St.  James  Factory 

St.  James,  Louisiana 

ABSTRACT 

Prior  work  done  in  sugar  technology  has  formulated  thoughts  to  improve  fuel  combustion  resulting 
in  the  more  economical  production  of  steam.   The  authors  have  moved  their  efforts  to  the  other  side 
of  the  problem:   the  utilization  of  heat  in  excess  process  steam  and  the  conservation  of  high  and  low- 
pressure  steam  resulting  in  minimizing  the  use  of  auxiliary  fuels  in  steam  generation. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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SUGARCANE  VERSUS  CORN  VERSUS  ETHYLENE  AS  SOURCES 
OF  ETHANOL  FOR  MOTOR  FUELS  AND  CHEMICALS 

Edward  S.  Lipinsky 

Battelle,  Columbus  Laboratories 

505  King  Avenue 

Columbus ,  Ohio 


ABSTRACT 


Ethanol  production  costs  using  sugar  cane,  corn  and  ethylene  were  estimated  and  compared.   The  costs 
are  nearly  equal  when  sugar  cane  is  U.S.  $66  per  metric  ton  (dry  weight),  corn  is  $100  per  metric  ton 
(dry  weight)  and  ethylene  is  $264  per  metric  ton.   The  value  of  the  by-product  sugar  cane  stillage  is 
critical  to  sugar  cane's  prospects,  but  unknown.   Acceptance  of  ethanol-gasoline  motor  fuels  depends  more 
on  tax-policy  decisions  than  on  technical  considerations.   Acetic  acid  and  acetaldehyde  are  more  promising 
uses  than  ethylene. 

INTRODUCTION 

The  development  of  fuels  and  chemical  feedstocks  from  renewable  resources  is  a  major  objective  of 
the  Fuels  From  Biomass  Program  recently  initiated  by  the  Division  of  Solar  Energy  of  the  Energy  Research 
Development  Administration  (ERDA) .   Battelle' s  Columbus  Laboratories  has  conducted  a  systems  study  for 
ERDA  of  sugar  crops  (1)  and  corn  (2)  to  determine  which  crops,  cultural  practices,  conversion  processes, 
and  energy-rich  products  merit  development.   As  shown  in  Fig.  1,  the  research  has  many  ramifications 
which  transcend  the  specific  topic  selected  for  discussion  in  this  paper.   Briefly,  the  University  of 
Florida,  Louisiana  State  University,  and  the  USDA  Houma  Laboratories  are  investigating  closely  spaced 
sugarcane  as  a  means  of  yield  improvement.   Texas  A  &  M  and  LSU  are  investigating  sweet  sorghum.   The 
University  of  Puerto  Rico  is  investigating  tropical  grasses,  other  than  sugarcane  and  sweet  sorghum.   The 
Audubon  Sugar  Institute  and  F.  C.  Schaffer  and  Associates  are  researching  whole-plant  processing  and 
the  energy  requirements  for  conversion  to  ethanol.   Joseph  Atchison  and  Associates  has  initiated  an  ob- 
jective evaluation  of  the  Canadian  Separator  Equipment  Process,  a  new  means  to  obtain  sugar  and  fiber 
from  cane.   These  diverse  activities  are  coordinated  by  Battelle  which  is  interpreting  results  from  an 
energy  viewpoint  and  conducting  some  of  the  investigations.   Although  ERDA  is  providing  the  baseload 
funding,  many  of  these  organizations  are  supplementing  this  seed  money  with  their  own  funds. 
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Fig.  1.   Structure  of  ERDA  sugar  crops  program. 
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by-product  credits  to  keep  the  cost  of  ethanol  down. 


ETHANOL  FROM  ETHYLENE 
To  determine  under  what  circumstances  sugar-derived  ethanol  can  become  a  success   one  should  investigate 
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Fig.  2.   Ethanol  selling  price  as  a  function  of  ethylene  raw  material  cost. 

The  major  ethanol  producers  recently  raised  the  P^«  ^proximately  ^g^^^^^ 
Before  the  oil  embargo,  ethanol  sold  for  approximately  $0.54  per  gallon   This  increase  in  pric  p 
a  challenge  to  both  the  sugar  and  corn  industries  to  determine  whether  they  can  compete. 

153 


ETHANOL  FROM  SUGAR  CROPS 

Sugar  crops  could  yield  various  products  that  have  promise  as  a  source  of  ethanol  through  fermentation 
In  1976,  Battelle  made  some  preliminary  estimates  of  the  cost  of  ethanol  from  sugarcane  juice  assuming  a 
giant  facility  that  would  be  capable  of  making  about  25%  of  the  U.  S.  industrial  chemical  demand  for 
ethanol.   The  results  are  summarized  in  Table  1.   The  net  cost  per  gallon,  including  a  15%  return  on  equity 
appears  to  be  slightly  less  than  the  current  selling  price  of  ethanol.   The  comparison  is  somewhat  one  of 
apples  versus  oranges  because  the  sugarcane  juice-derived  ethanol  does  not  include  marketing  and  technical 
service  charges.   Nevertheless,  it  shows  that  the  cost  of  fermentation  ethanol  is  in  the  right  ballpark 


Table  1.   Cost  of  ethanol  from  sugarcane  juice. 


Sugarcane  juice 
Operating  costs 
Annualized  capital  charge 
Stillage  byproduct  credit 

Net  cost  per  gallon 

Source:   Battelle  estimates,  (Reference  No.  1). 


$/gal 

0.81 

0.32 

0.22 

(0.19) 

1.16 


The  sensitivity  of  ethanol  costs  to  the  cost  of  fermentable  sugars  is  shown  in  Fig.  3,  with  the 
assumption  that  the  by-product  stillage  could  be  sold  for  $60  per  ton.   Low-cost  sugarcane  juice  (around 
$0.06  per  pound)  might  become  available  at  a  facility  that  did  not  invest  in  evaporation  and  crystalliza- 
tion equipment  and  which  could  use  sugars  from  cane  harvested  after  damage  by  adverse  weather.   However, 
these  costs  are  not  likely  to  be  highly  attractive  to  the  sugar  industry  for  facilities  that  have  already 
been  built.   The  sugarcane  is  assumed  to  be  available  for  approximately  $16  per  ton  (28%  solids). 
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Fig.  3.   Ethanol  cost  as  a  function  of  fermentable  sugars  cost. 
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The  imnact  of  stillage  selling  price  on  the  net  cost  of  ethanol  is  considerable.   This  by-product 

l^act  is  snown  In  Tig.  A.  A  major  uncertainty  in  the  prospects  of  ethanol  fro,  sugarcane  is  the  value 
of  this  stillage. 
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Fig.  4. 
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Ethanol  cost  as  a  function  of  stillage  selling  price. 


ETHANOL  FROM  MOLASSES 
The  F  C  Schaffer  Company  and  Louisiana  State  University  are  collaborating  with  Battelle  in  a 

on  this  sublect   If  one  takes  what  appears  to  be  a  conservative  position  with  regard  to  annualized 

for  the  sugarcane  case  applied  also  to  molasses,  the  selling  price  of  ethanol  could  be  as  low  as  $0.87 
serious  consideration. 
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Fig.  5.   Ethanol  cost  as  a  function  of  molasses  cost  with  zero  stillage  credit. 
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Fig.  6.   Ethanol  cost  as  a  function  of  stillage  credit  (molasses). 
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FRDA  has  under  development  some  new  technology  which  pertains  to  ethanol  from  molasses.   Professor 
r  R  Stke  of  the  University  of  California  at  Berkeley  is  developing  a  vacuum  fermentation  P^ess 
Lt'reauires  less  fermenter  capacity  and  less  energy  for  its  operation  (4).   A  simplified  view  of  this 


VACUUM  FERMENTOR 


FEED 


VACUUM  PUMP 


RECEIVING  TANK 
(PRODUCT) 


AIR  OR  02 


SOURCE:    Adapted  from  G.  R.  Cysewski  and  C.  R.  Wilke,  March,  1976. 

Fig.  7.  A  vacuum  fermentation  process. 

Although  the  vacuum  fermentation  process  is  in  the  early  stage  of  development,  it  promises  to  reduce 
both  tie  capital  and  operating  costs  of  ventures  to  make  ethanol  from  molasses.  Comparable  savings  would 
not  be  available  for  sugarcane  juice  or  glucose  derived  from  enzymatic  hydrolysis  of  cellulose. 

ETHANOL  FROM  CORN  GRAIN 

It  is  not  sufficient  that  molasses  or  sugarcane  juice  might  yield  ethanol  at  a  lower  cost  than 
ethanol  from  ethylene.   Corn-based  ethanol  might  be  even  cheaper.   Certainly,  there  is  much  more  corn 
grain  available  In  the  United  States  than  molasses  or  sugarcane  juice   Battel  e  inves  iga  ed  the  possible 
cost  of  ethanol  from  corn  grain  in  a  preliminary  fashion.   The  Battelle  estimates  (Table  2)  took  into 
account  the  published  work  of  Miller  (5)  and  Scheller  (6). 

The  key  factors  in  ethanol  from  corn  costs  are  the  very  high  by-product  feed  credits  based  on the  well 
established  stillage  by-product  (distiller's  dried  solubles  with  grain),  and  a  relatively  high  conversion 
cost  that  results  from  the  need  to  degerm  and  mash  the  corn. 

The  net  cost  of  ethanol  from  corn  grain  is  almost  identical  with  that  of  ethanol  from  sugarcane  juice 
but  is  somewhat  Higher  than  that  estimated  from  ethanol  from  molasses.   The  sensitivities  of  ethanol  costs 
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to  the  cost  of  corn  grain  and  to  the  stillage  by-product  credit  are  shown  in  Fig.  9  and  10.   The  food  uses 
for  grain  are  likely  to  keep  costs  of  corn-based  ethanol  above  the  $1  per  gallon  level.   However,  the 
introduction  of  vacuum  fermentation  could  reduce  the  cost  of  ethanol  from  corn  grain  because  the  same 
enzyme  hydrolysis  that  makes  glucose  and  subsequently  high  fructose  corn  syrup  could  be  used  to  make 
relatively  concentrated  solutions  of  corn  syrup  that  would  behave  like  molasses  in  the  vacuum  fermentation 
process. 
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Source:  Adapted  from  G.  R.  Cysewski  and  C.  R.  Wilke,  March  1976. 

Fig.  8.   Cost  of  fermentation  as  a  function  of  fermentable  sugars  concentration. 


Table  2.   Cost  of  ethanol  from  corn  grain. 


Corn  at  $2.50/bushel 
Conversion  cost 
Annualized  capital  charge 
By-product  feed  credit 


$/gal 

0.89 

0.44 

0.20 

(0.36) 


Net  cost  per  gallon 


1.17 


Large  scale  corn  processors  have  options  other  than  sole  production  of  ethanol  and  corn  stillage. 
They  can  manufacture  ethanol,  corn  starch,  and  animal  feed  ingredients.   They  also  can  manufacture 
ethanol,  high  fructose  corn  syrup,  and  animal  feeds.   Such  processes  are  believed  to  allow  allocation  of 
costs  such  that  the  ethanol  would  be  substantially  cheaper  than  the  case  considered  here  (2).   However, 
the  quantity  of  ethanol  that  can  be  produced  at  a  given  location  is  diminished  in  proportion  to  the  amount 
of  potentially  fermentable  material  that  is  diverted  to  higher  priced  products. 
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Fig.  9.   Ethanol  cost  as  a  function  of  corn  grain  cost. 
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Fig.  10.   Ethanol  cost  as  a  function  of  corn  stillage  credit. 
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WHICH  RESOURCE  WILL  WIN? 

It  is  much  too  early  to  name  a  winner  in  a  race  of  this  nature.   Molasses  appears  most  attractive 
for  small  ethanol  plants.   Corn  grain  may  have  the  advantage  for  giant  ethanol  plants.   An  ethanol  plant 
should  be  operated  through  as  long  a  season  as  possible  as  it  probably  is  not  economic  to  evaporate  sugar- 
cane juice  for  use  in  the  off-season. 

The  potential  advantage  of  ethanol  production  as  a  means  to  siphon  off  temporary  surpluses  that  usually 
reduce  agricultural  commodity  prices  is  an  interesting  aspect.   Unfortunately,  ethanol  production  facilities 
are  too  expensive  to  build  for  use  on  a  standby  basis  when  the  price  of  sugar  goes  too  low.   However,  much 
of  the  same  effect  could  be  accomplished  if  variable  quantities  of  sugarcane  juice  are  used  to  supplement 
molasses  for  ethanol  production. 

CHEMICALS  FROM  ETHANOL 

Three  high-volume  chemicals  that  might  be  manufactured  from  ethanol  are  ethylene,  acetic  acid,  and 
acetaldehyde  (see  Fig.  11).   Ethylene  is  one  of  the  major  building  blocks  of  Western  Civilization.   However, 
its  molecular  weight  is  only  28  while  that  of  ethanol  is  46.   This  immutable  chemical   fact  is  translated 
into  economic  terms  as  follows:   about  1.6  pounds  of  ethanol  are  needed  to  produce  1  pound  of  ethylene. 
This  is  a  very  great  burden  for  ethylene  to  bear  and  generally  results  in  quite  high  costs,  regardless  of 
the  efficiency  of  the  conversion  process.   For  example,  Battelle  has  estimated  that  ethylene  would  cost  at 
least  $0.28  to  $0.30  per  pound  when  made  from  ethanol  that  is  valued  at  $1.15  per  gallon. 
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Fig.  11.   Several  chemicals  derived  from  ethanol. 

In  contrast  to  ethylene,  acetic  acid  has  an  appreciably  higher  molecular  weight  than  does  ethanol. 
The  result  is  that  each  pound  of  acetic  acid  needs  only  about  0.75  lb  of  ethanol  for  raw  material.   The 
increase  in  molecular  weight  during  acetic  acid  production  arises  from  oxygen  from  the  air  and  thus 
ethanol  is  a  relatively  attractive  source  of  acetic  acid. 

Acetaldehyde  has  virtually  the  same  molecular  weight  has  ethanol  and  thus  is  neutral  with  regards 
to  its  prospects.   In  this  instance,  the  efficiency  of  the  processing  method  is  the  key  factor. 
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than 


These  simple  considerations  leads  one  to  conclude  that  acetic  acid  from  sugars  merits  more  attention 
does  acetaldehyde  which  in  turn  merits  more  consideration  than  does  ethylene. 


ETHANOL  AS  A  MOTOR  FUEL 
ooo^^h  in  Nphraska  (6   7)  and  the  ambitious  program  for  ethanol  motor  fuel  in  Brazil 

these  issues. 

»   v.    m  T.hlP  3  Nebraska's  ethanol  can  be  considered  to  be  worth  its  full  selling  price,  according 
c   Sn      "alvsls   The  analysis  is  for  a  10  percent  ethanol/90  percent  gasoline  mixture.   Thus,  the 
to  Scheller's  analysis.   The  analysis    iui      y  gallon  bv  ethanol  makes  the  value  of 

above  the  cost  calculations  for  ethanol  from  either  corn  or  sugarcane. 


Table  3.   Value  of  ethanol  in  gasohol   fuel. 


One  gallon  of  no-lead  displaced  by  ethanol 
Credit  for  reduction  in  no-lead  O.N. 
Credit  for  expansion  of  mixture 
Credit  for  5  percent  less  fuel  consumption 

Credit  for  Nebraska  tax  reduction 

Total 

Source:   Scheller  (1977)  and  Battelle  estimates 


Cent 

s/gal 

Scheller 

Battelle 

38.5 

38.5 

18.9 

18.9 

1.0 

1.0 

32.0 

— 

90.4 

58.4 

30.0 

— 

120.4 


58.4 


Battelle' s  alternative  evaluation  (again,  see  Table  3)  would  give  credit  for  the  no-lead  gasoline 

"SSiS:  TZH'Zl  2*   P«..,,e  .  *****   ^  "^  'f  ««idt"o  "IT S  - 

contrast,  five  percent  better  mileage  is  an  advertising  claim  that  is  difficult 


*"Any thing  that  can  go  wrong  will  go  wrong. 
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Table  4.   Hypothetical  no-lead  blends  (in  cents  per  gallon). 


Cost  element 


Conventional 


No-lead  gasoline  38.5 
Anhydrous  ethanol 

Fuel  transportation  3.3 

Retail  station  markup  9,3 

State  tax  8.5 

Federal  tax  4,0 

19xx  tax  on  conventional  gasoline        6.0 

Total         69.6 

Sources:   Scheller,  1977  and  Battelle  estimates 


10% 

10% 

blend  with 

ethanol  with 

low  octane 

no-lead 

no-lead 

34.7 

32.8 

11.8 

11.8 

3.3 

3.3 

9.3 

9.3 

8.5 

8.5 

4.0 

4.0 



— 

71.6 


69.7 
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EXCESS  POWER  IN  SUGARCANE  FACTORIES 

J.  J.  Mecsery 

Atlantic  Engineering,  Inc. 

Coral  Gables,  FL 


ABSTRACT 

The  mid.  briefly  disc,,**  the  potential  use  of  sugarcane  ^S'^c.^pLet  ."'being 
describes  two  cycles  in  two  sugarcane  factories  where  ^^^^f^'^j,  dl?,erent;  one 

sississis^r^^r^^^ss-" consld" thl8  valu,ble  and  prove° 

way  to  save  energy  in  the  development  of  the  new  sugarcane  factories. 

g.ery  day  in  our  sugarcane  industry  ^^^^^tlT^tTtr^tr'ZT^T^ 

sLsrs-fs  s^Jr^rrss?  .s^rs  shl-  of  &.-  - .  —  «-■ 

The  use  of  bagasse  as  ,  fuel  to  generate  .tea.  which  in  ^^"J^^^Z^^,, 
and  generates  the  electricity  necessary  for  jessing  is  vet y  '~°^°  •  J  £» ;„™bllcTotlul, 
^r-it'lalossibU  r^iany'suga^rfactorre/tr^nlr-rLrra  power  for  sale  during  the  grinding 
season  without  any  extra  fuel. 

There  are  only  a  few  sugarcane  areas  where  the   ^---t^ttrstre:cherfl/oStdortiruJro:diIion:ble 

sgsris^^^srri  isss^^ssr^is  -  g^  the  «»  PoWer  as  wen. 

Each  plant  that  desires  to  generate  extra  power  would  need  a  tailor  -^^"^IpSS^ny 
retirements  due  to  by-product  plant,  pressure  and  temperature  of  generated  steam,  etc. 

The  intention  of  this  paper  is  to  illustrate  the  means  by  which  extra  ^J^^.^JT' 
are  presented  to  illustrate  how  this  has  been  accomplished   In  bo^ases  the  a      P         ^      r 
the  design,  installation,  and  operation  of  these  Pl»t8.   In  f *  ^^^J  hlgher  boiLr  efficiency, 

preSSure'waterVur.  ES^'/Si  £"^0^ ^'S  boilers  and  turbo-generators 
operating  at  higher  pressure  and  temperature  were  installed. 

SeaeratinJ  heaLr  and  auxiliaries  were  the  main  new  equipment  installed. 

The  boiler  steam  pressure  was  400  psig.,  750  F  T  T.,  the  a"to-Jtic  »tr.ctlon  ste«n  was  maintained 
at  135  psig.  and  the  temperature  maintained  about  50   superheat (50  a  ov ;£«££»>;,  was  approximately 
extracted  went  to  the  existing  low  pressure  prime  ^vers.  The  amount  condensers  was  responsible 

£'2  generatiofoft^e^^  —  "  '  ™  ""  f«  *" 

entire  duration  of  the  crop  as  extra  or  excess  power. 

The  desuperheater  was  necessary  to  limit  the  steam  temperature  to  50  F  above  sat ^^jj.^g.1* 
can  be  used  in  the  old  existing  turbines  and  -gines  that  were  d  sign  d  for     psig.  sat  r^^ 
boilers  are  made  high  efficiency  by  the  use  of  a  large  air  heater,  wat er  wa A   •  8  response 

and  suspension  burning  of  bagasse  which  contributed  to  low  excess  ■^^^JSJoJ  is  a  multi- 
to  load  changes  giving  the  boilers  the  ability  of  full  ^omation   The  turbo  gen  ^       f<jr  feedwater 

ESLTW^^^^  -  — d  in  ^st  a  few  years 

of  operation. 
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Fig.  1.   Case  1  -  Topping  turbo-generator. 


Case  2.   Fig.  2  illustrates  this  case.   The  equipment  was  installed  at  Central  Delicias  Oriente   Cuba- 
here  the  major  equipment  installed  were:  ' 
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Fig.  2.   Case  2  -  Dual  pressure  turbo-generator. 
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™S  '"aaera  «r'"S  "...%  £c«  d„   o"  ta  lL?Sin.*Sin^  the  peer  pla„t  ...  also  the 
«i!"y8'S:pS;  ;JS  "U«S  po„«  to  nearby  dtl«  »d  co-unltles  year  around  without  any  tl.  to 

any  other  electric  plant. 

During  the  crop  season  (almost  5h   months)  the  turbine  operated  at  low  pressure  150  psig   During  this 

Tossible  to  deliver  500o" to  70o5  kw-hr'of  excess  power  generated  to  be  used  in  the  utility  system. 

nm-mt  the  idle  season  the  turbo-generator  works  in  a  closed  cycle  using  high  pressure  steam, 
400  psig   50  F   ing  to  the  condenser!  except  that  extracted  for  heating  and  a  small  -mount  through  the 
low  pressure  section  to  cool  the  blades.   During  this  time  the  boiler  used  is  a  modern,  high  efficiency 
boiler  burning  only  fuel  oil. 

The  three  arm  regulator  is  the  heart  of  the  automatic  extraction  turbo-generator.  The  regulator 
makes  it  possible  for  the  automatic  extraction  turbine  to  maintain  constant  extraction  pressure  while 
the  electric  Sad  changes.   This  regulator  is  illustrated  in  Fig.  3.   When  there  is  a  change  in  load, 

extraction  pressure  remain  constant. 


Fig.  3.   Three  arm  regulator  for  auto  extraction  turbines. 
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COMMENTS 

There  are  many  ways  in  which  the  equipment  can  be  combined  to  form  an  efficient  cycle.   The  many 
choices  of  steam  pressure  and  temperature  make  the  selection  almost  infinite.   In  old  factories  the 
pressure  and  temperature  of  existing  equipment  necessarily  remains  the  same.   In  new  factories  the 
designers  have  a  free  choice  for  the  pressure  and  temperature  for  the  new  and  future  equipment.   This 
is  where  the  author  urges  the  designer  working  on  new  sugarcane  factories  to  consider  in  every  possible 
case  a  future  addition  of  an  efficient  cycle  to  generate  extra  power  that  can  provide  additional  income 
and  in  addition  to  use  a  more  efficient  cycle  that  will  prove  beneficial  for  the  area  (or  country)  in 
offsetting  the  cost  of  imported  fuel. 

The  amount  of  electric  power  generated  for  their  use  in  a  totally  electrified  (except  mills)  raw 
sugarcane  factory  is  about  15  kw-hr/ton  cane/hr  (Hugot  page  814)  or  equivalent  to  60  kw-hr/ton  bagasse. 
The  amount  of  extra  power  can  be  in  the  order  of  140  kw-hr/ton  bagasse  or  more. 

All  this  has  been  proven  in  Hawaii  where  more  than  220  kw-hr/ton  of  bagasse  has  been  achieved  with 
a  similar  cycle  described  earlier  in  Case  1,  using  a  top  unit. 

As  a  matter  of  interest,  I  would  like  to  quote  the  following  from  Powers  Editorial  of  June  1977  issue: 
"CONGENERATION.- 

The  simultaneous  production  of  steam  for  process  and  electricity — with  the  excess  of  electricity 
at  any  time  of  day  made  available  to  the  local  utility  grid— was  proposed  by  President  Carter  for 
many  industrial  sectors.   Although  it  is  becoming  increasingly  attractive  as  energy  prices  rise,  some 
institutional  barriers  crop  up  impeding  it's  full  development.   The  President's  National  Energy  Plan 
proposes  to  remove  those  barriers  by  assuring  that  industrial  firms  generating  electricity  receive  fair 
rates  from  utilities  for  both  the  surplus  power  they  would  sell  and  for  the  backup  power  they  would  buy. 
It  is  further  proposed  that  industries  using  congeneration  to  produce  electricity  could  be  exempted 
from  state  and  federal  public  utility  regulation,  and  would  be  entitled   to  use  public  utility  trans- 
mission facilities  to  sell  surplus  power  and  buy  backup  power  when  needed.   An  additional  tax  credit 
of  10%  above  the  existing  investment  tax  credit,  would  be  provided  for  industrial  and  utility  co- 
generation  equipment." 
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ABSTRACT 
Saying  ~*   .-  natural  gas  is  *.  n-er  ^.'"^  SSTJISSof'S1!?'-^*. 

oil  cost  is  about  ?/  million,   tnergy  may  „,,„_  i.„p,  nrcnr  and  where  improvements  should  be 

and  boiling  house.   This  paper  examines  those  areas  where  *°*S"  °"U*  *"*")  reCovery  of  waste  heat 
possible.  Areas  for  savings  include:   a  reduction  of  excess  air  in ^    ^^es  d)  raising 
in  stack  gas,  via  air  preheating  or  bagasse  drying,  c)  reduction  ot  requirements. 

ass  sstaaa  laras-^si-s  ^»f -  §°    £  stss^srSiJsss: 


INTRODUCTION 


™rs5pl.~»"'y  «•»»  consumption  and  the  corresponding  cost,  in  Wm-  and  Florid.. 


Season 

Natural  gas  use,  MCF/ton  cane 
Typical  cost,  $/MCF 
Fuel  cost,  $/ton  cane 


Season  (starting  date) 


1/ 


Fuel  oil  use,  gal/ton  cane  - 
Typical  cost,  c/gallon 
Fuel  cost,  $/ton  cane 


Louis  iana 
(22  mills  that  sold  no  bagasse) 

1974 

0.8 

0.96 

0.81 

Florida 

1974 

2.4 

27 

.65 


1975 

0.5 

1.32 

0.66 


1975 

1.9 

29 

.55 


1976 

0.6 

1.75 

1.05 


1976 


34 


1/Data  from  Gilmore  Manual  for  1976. 


Auxiliary  fuel  use  in  Florida  is  only  about  half  that  of  Louisiana  mills,  but  since  fuel  oil  is 
more  ex^sive'than  gas  (on  a  Btu  basis),  the  costs  per  ton  of  cane  are  almost  as  high. 

This  paper  presents  an  overview  of  the  present  situation  and  suggests  measures  that  will  have  to 
be  taken. 

ulth  existing  technology,  It  is  possible  and  economically  fe.sibl.  to  design  .new  sugar  factory 
that  »ouU  of  .nS/sSr-sufricient  '*.  problem  ther.for, ,  i,  not  so  „ch  •£*.-».-  ^ 

5STS5  Z£J?£\£U£?££  &2ZZZ£:-ZZS±  -  — .  ~°- 

Energy  Balance 
Clean  Loui.lana  can.  contain,  about  1«  true  fiber  *IJ.£g-J- ^"'oftS  ^-1- 


1Present  address:   F.  C.  Schaffer  and  Associates,  Baton  Rouge,  LA. 
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Bagasse  fuel  Energy  required  for 

value,  Steam  requirement,  steam  generation, 

State  btu/ton  cane  lb/ton  cane  btu/ton  cane 


Louisiana  1,992,000  1200-1600 

Florida  1,660,000  800-1200 


1,200,000-1,600,000 
800,000-1,200,000 


Thus,  for  the  Louisiana  factories  using  the  least  quantity  of  steam  a  boiler  efficiency  of  60% 
would  be  required  for  fuel  self-sufficiency.   The  Florida  mills,  despite  lower  fiber,  are  generally" 
more  recent  and  modern;  for  them,  a  boiler  efficiency  of  about  50%  would  be  needed  for  fuel  self- 
sufficiency. 

In  Louisiana,  the  typical  sugar  factory  has  a  boiler  efficiency  of  only  45%,  while  in  Florida 
the  boiler  efficiencies  are  about  5-10%  higher. 

Areas  for  Improvement 
Basically,  there  are  three  areas  for  seeking  improvement: 

1.  Improving  the  quality  of  the  bagasse  sent  to  the  boilers. 

2.  Improvements  to  the  furnace,  boiler,  and  operating  performance  of  the  boiler  plant. 

3.  The  reduction  of  the  steam  required  for  operating  the  mill  and  boiling  house. 

Items  1  and  2  above  will  result  in  more  live  steam  production,  while  item  3  will  reduce  the  need 
for  steam.   In  general,  it  is  preferable  to  attack  the  problem  from  all  angles,  since  improvement  in 
any  given  aspect  soon  reaches  the  point  of  diminishing  returns,  and  reveals  new  limitations  elsewhere. 

Improving  the  quality  of  the  bagasse  fuel 

The  quality  of  the  bagasse  is  dependent  on: 

1.  Its  ash  content. 

2.  Its  moisture  content. 

Bagasse  ash  content:   A  high  bagasse  ash  content  has  two  deleterious  effects: 

1.  It  absorbs  juice  and  therefore  increases  the  effective  moisture  of  the  bagasse.   For  example 
a  bagasse  containing  10%  ash  and  having  a  moisture  of  55%,  is  thermally  as  bad  as  an  ash-free 
bagasse  having  a  moisture  content  of  62%. 

2.  The  ash  in  the  bagasse  is  incombustible  and  therefore  has  to  be  removed  from  the  furnaces. 
In  the  case  of  pile-burning  furnaces,  this  increases  the  frequency  of  the  cleaning  cycle.' 
Cleaning  cycles  are  periods  of  low  boiler  efficiency,  since  the  air  excess  is  increased 
and  since  bagasse  fuel  is  lost  with  the  ash. 

The  new  improved  45°,  thin  mat,  high  speed,  cane-washing  tables  do  a  much  better  job  of  washing 
the  cane  than  the  older  cane- feeding  tables  that  have  been  converted  to  cane-washing.  Apart  from  the 
cleaner  bagasse,  the  cleaner  cane  reduces  mill  wear  and  may  permit  lower  bagasse  moistures  and  improved 

"J   ^raCti°n-   F°r  a  factory  grinding  3000  tons  of  cane  per  day,  these  newer  tables  cost  about 

•?  J.  Z_)  j  uuu . 


nace 


Bagasse  moisture  content:   The  moisture  in  bagasse  lowers  its  heating  value,  and  reduces  the  fur 
temperature,  which  in  turn  decreases  the  rate  of  burning.   It  appears  that  a  greater  quantity  of 
excess  air  is  required  to  burn  a  high  moisture  bagasse,  and  thus  the  boiler  efficiency  is  further 
reduced.  ' 

Boiler  Plant  Improvement 

In  proper  boiler  operation,  the  maximum  potential  heat  in  the  bagasse  is  recovered  in  the  steam 
Typically  considered  good  efficiency  is  60%.   But  many  Louisiana  mills  run  around  45%. 

The  biggest  waste  is  out  the  stack.   The  reduction  of  the  stack  gas  losses,  and  the  recovery  of 
this  heat  is  a  most  obvious  approach. 
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BOILER    SCHEMATIC 

Live 

Steam 


Feed 
Water 


Dagasse 
Air- 


Stack 
Gases 


IT 


Misc. 
Losses 


Radiation 
Etc. 


Ash 
Unburned 


qasse 


0.0 

34.0 

34.5 

38.3 

69.0 

42.6 

138.0 

51.3 

The  limiting  of  the  excess  air  to  that  required  for  complete  combustion  is  the  first  steP> 
since  the  greater  the  volume  of  the  stack  gases  the  most  heat  is  stolen  from  the  steam.   Air  is  80/„ 
useless  nitrogen.   So  every  bit  of  extra  air  brings  in  80%  of  this  inert  material  which  soaks  up  heat 
without  yielding  any  benefit.   The  following  table  illustrates  this  point: 

%  of  energy  in  bagasse 
i   „„„Qoo  =,-;,-  °>   i'i'-'-mso  in  stack  volume  out  the  stack  at  600  F 

/o  cXCcSa  all 

o 

50 
100 
200 

The  remedy  here  is  to  tighten  up  on  the  air  admitted  to  the  fire  box  and  closely  monitor  the 
stack  gas  composition,  primarily  for  oxygen.   The  carbon  monoxide  and  carbon  dioxide  contents  will, 
of  course,  also  be  useful  in  analysis  of  the  furnace  operation. 

Even  with  good  combustion,  much  heat  is  lost  out  the  stack.   Much  of  this  waste  heat  can  be 
recovered  by  using  the  hot  stack  gases  to: 

1.  Heat  the  boiler  feed  water  in  finned  tube  economizers. 

2.  Preheat  the  combusion  air. 

3.  Dry  the  bagasse. 

Economizers  are  most  useful  when  the  feed  water  to  the  boilers  is  at  a  low  temperature,  and  when 
the  steam  pressure  (and  hence  saturated  steam  temperature)  is  high.   Under  Louisiana  conditions  of  low 
steam  pressure,  and  hot,  deaerated  feedwater,  there  is  little  potential  for  economizers.   In  Florida, 
where  the  steam  pressure  usually  exceeds  250  psig,  economizers  are  particularly  useful. 

The  air  preheater  provides  a  good  way  to  recover  the  heat  from  the  stack  gases.   There  is  enough 
combustion  air  to  reduce  the  flue  gas  temperature  to  less  than  300  F,  using  a  relatively  small  heat 
transfer  area.   These  preheaters  require  no  additional  mechanical  accessories  other  than  the  heater 
itself.   However,  the  induced  and  forced  draft  fans  should  be  capable  of  overcoming  the  additional 
pressure  drop  through  the  air  preheater. 

2 

Although  bagasse  dryers  were  tested  as  long  ago  as  1911  ,  they  did  not  come  into  significant 
commercial  use  until  recently.   Theoretically,  the  bagasse  dryer  and  the  air  preheater  have  the  same 
thermal  efficiency  when  operating  with  the  same  final  stack  gas  temperature.  The  bagasse  dryer  has 
potential  theoretical  advantages  for  achieving  somewhat  lower  stack  gas  temperature,  and  may  yield 
some  benefit  in  bagasse  burnability.   But  practical  problems  with  the  dryer  remain  to  be  overcome. 
These  are: 

1.  Mechanical  power  requirements  for  its  operation  are  greater  than  those  for  an  air  preheater, 
since  additional  bagasse  conveyors,  cyclone  separators,  etc.  are  required. 

2.  Fugitive  emissions  are  difficult  to  control. 

3.  The  dry  bagasse  and  fines  constitute  a  fire  hazard. 


E.  W. 


Kerr,  Bulletin  No.  128,  LSU  Agricultural  Experiment  Station,  June  1911. 
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The  first  year  trials  of  bagasse  dryers  in  Louisiana  have  left  something  to  be  desired.  However, 
with  modifications  and  experience  in  their  operation,  they  may  become  a  viable  alternative  to  air 
preheaters. 

Steam  Utilization 

Next  let's  look  at  the  mill  and  boiling  house.  Assuming  that  we  have  done  everything  to  maximize 
steam  production  from  the  bagasse,  we  will  consider  what  changes  can  be  made  to  reduce  steam  consumption. 

The  prime  movers  (turbines  for  the  mills  and  turbo-generators)  required  most  of  the  live  (high 
pressure)  steam,  with  a  small  amount  being  required  by  the  steam  jet  ejectors  (for  the  vacuum  units) 
and  other  miscellaneous  uses. 

The  exhaust  steam  from  the  prime  movers  is  used  for  heating  in  the  juice  heaters,  evaporators, 
vacuum  pans,  and  the  boiler  feed  water  deaerator.  A  small  quantity  is  utilized  for  massecuite  reheat- 
ing, heating  process  water,  and  other  miscellaneous  uses. 

An  ideal  steam  balance  is  one  where  all  the  steam  required  to  operate  the  factory  can  be  obtained 
from  the  bagasse  available.   Ideally,  all  the  exhaust  produced  by  the  prime-movers  is  consumed  by  the 
boiling  house  so  that  there  is  no  excess  to  be  vented  (thereby  losing  heat  and  good  condensate  for  the 
boilers).   Unfortunately,  the  boiler,  milling  and  processing  conditions  are  never  constant.  Thus,  it 
is  necessary  to  provide  auxiliary  fuel  for  the  boilers,  a  live  steam  make-up  to  exhaust,  and  an  exhaust 
vent  to  the  atmosphere  (or  surface  condenser)  to  prevent  upsets  in  one  phase  from  affecting  all  phases 
of  the  factory  operations. 

Examples  of  the  steam  requirements  in  Louisiana  and  Florida  mills  are  shown  in  the  following 
table: 

Calculated  Steam  Requirements 
(Lbs  Steam/Ton  Cane) 

LA.  FLA. 

Live  Steam  150  psi  400  psi 

Prime  movers  985  565 

Turbo  generators  395  225 

Other  60  60 

TOTAL  1440  850 

Exhaust 

Juice  heaters  275 

Evaporators  510                               765 

Vacuum  pans  265 

Other  75  75 

TOTAL  1125                                840 

Theor.  minimum  boiler  efficiency  required: 

56-72  51 

In  Florida,  the  use  of  high  pressure  steam  leads  to  lower  live  steam  requirements  in  the  prime 
movers.  Florida's  exhaust  steam  requirements  are  also  lower,  and  in  good  balance  with  live  steam 
production,  by  virtue  of  quadruple  effect  evaporation  combined  with  vapor  bleeding  for  pans  and  heaters. 
In  Louisiana,  few  mills  generate  electric  power,  so  that  live  steam  usage  is  less  than  shown  in  the 
table,  and  exhaust  requirements  often  are  limiting.   The  past  abundance  of  cheap  natural  gas  led  to 
the  installation  of  low  pressure  steam  generating  facilities,  and  triple  effect  evaporators.   These 
plants  are  not  in  a  strong  position  to  deal  with  the  energy  crisis.   It  should  be  mentioned  here  that 
the  LSU  College  of  Engineering,  through  the  Audubon  Sugar  Institute,  has  initiated  field  work  and 
research  to  aid  the  industry  in  these  matters. 

Reducing  prime  mover  steam  requirements:   The  quantity  of  steam  required  by  a  turbine  to  perform  a 
given  quantity  of  work  is: 

1.  Proportional  to  the  potential  heat  or  enthalpy  drop  in  the  steam.  The  potential  (ideal) 
heat  drop  increases  with  steam  pressure  and  steam  superheat,  and  decreases  with  increasing 
exhaust  pressure. 

2.  Dependent  on  the  thermodynamic  efficiency  of  the  turbine.   Efficiency  is  a  function  of 
the  turbine  design  and  is  primarily  dependent  on  the  wheel  diameter,  wheel  speed,  and  the 
number  of  turbine  stages. 

170 


For  example,  a  turbine  with  a  thermodynamic  efficiency  of  50%  exhausting  at  15  psig  requires  the 
following  quantities  of  steam  per  horsepower-hour: 


Steam  conditions 


Lb  steam/h.p.-hr 


50  psig, 
100  psig, 
150  psig, 
250  psig, 
400  psig, 
550  psig, 
700  psig, 


25°  FSH* 
10°  FSH* 
0°  FSH 
100°  FSH 
150°  FSH 
200°  FSH 
250°  FSH 


83.0 
53.0 
39.4 
28.4 
22.6 
19.8 
17.7 


The  steam  required  for  the  boiling  house  can  be 


*0btained  by  free  expansion  of  150  psig,  saturated  steam. 

Thus,  higher  steam  pressures  are  critical  to  keeping  live  steam  requirements  down. 

in  practice,  it  is  the  steam  condition  at  the  turbine  ring  (steam  available  at  the  turbine 
blade)  that  controls  the  turbine's  steam  consumption.   Thus,  for  minimum  steam  consumption  the 
turbine 's  nand  valves  should  be  controlled  so  that  the  ring  pressure  is  only  slightly  less  than  the 
Sve  steam  header  pressure  (if  the  ring  pressure  reaches  the  header  pressure,  the  turbine  may  stall), 

Reducing  boiling  house  exhaust  steam  requirements: 
reduced  by  the  following  methods: 

Increase  the  number  of  evaporator  effects. 

Bleed  vapor  from  the  evaporator  effects  to  operate  heaters  and/or  the  vacuum  pans. 
Recompress  evaporator  vapors  to  exhaust  pressure  for  re-use.  This  can  be  accomplished  by 
a  thermo-compressor  (aspirator)  or  a  turbo-compressor. 

The  benefits  of  1,  and  2  above  can  be  approximated  using  Rillieux's  principles  or  can  be 
rigorouX  calculated  with  a  heat  balance.  Vapor  recompression  is  particularly  beneficial  when  excess 
live  steam  is  available  and  where  the  exhaust  steam  supply  is  less  than  the  requirements  of  the  boiling 
house . 

Miscellaneous  measures  to  reduce  steam  requirement:  There  are  several  practices  that  on  their  own  only 
make  a  small  contribution  to  the  thermal  efficiency,  but  which,  taken  together,  may  have  an  important 
effect.  These  are: 

by  flashing  this  hot  water  to  produce  exhaust 


1. 
2. 
3. 


2. 
3. 
4. 


The  recovery  of  heat  from  boiler  blowdown, 

steam.  ....   ■, 

The  flashing  of  hot  evaporator  condensates  to  produce  additional  vapor. 

Using  excess  exhaust  to  deaerate  boiler  feedwater. 

The  optimum  insulation  of  live  steam,  exhaust,  and  condensate  return  lines;  and  the 

insulation  of  the  boiler  feed  water  storage  tank.  

The  proper  sizing  of  live  steam  and  exhaust  lines  to  reduce  power-robbing  pressure  drop. 


Summary 

To  achieve  energy  self-sufficiency,  mainland  0.  S.  sugar  mills  will  need  to  make  ^™;men"  in 
fuel  quality,  in  boiler  plant  operation,  and  in  steam  utilization.  Florida  mills  are  closer  to  the 
Seal'than  are  the  Louisiana  mills,  but  their  higher  unit  fuel  costs  may  requlr e  them  to  make  still 
further  efficiencies.  The  magnitude  of  various  types  of  improvements  possible  in  boiler  plant  and 
factory  HI   shown  in  thfLbles  which  follow.  The  base  cases  in  these  tabulations  are  typical  Louisiana 
mill  conditions. 


Case 


Summary  -  Boiler  Plant  Improvements 

Boiler  efficiency 

%  


Base  case* 

Reduce  H2O  in  bagasse  to  50% 

Lower  flue  gas  temp,  to  325  F 

Reduce  excess  air  to  40% 

Flue  gas  to  325,  Xs  air  to  40% 

Lower  ash  in  cane  by  5% 


45.5 
47.0 
59.0 
53.5 
62.0 
49.5 


Increase  in 
efficiency 

0 

1.5 
13.5 

8.0 
16.5 

4.0 


*Flue  gas  550  F,  H2O  in  bagasse  53%,  excess  air  -  136% 
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Thus,  better  cleaning  of  the  cane,  reducing  excess  air,  and  recovering  waste  heat  from  the  stack 
gases  are  the  directions  in  which  to  move. 

Summary 
Mill  and  Boiling  House  Improvements 

Steam  reqd. 
Live  steam  lb/ton  cane 

Base  case  (150  psig,  0°  FSH)  1438 

Low  ring  pressure  (50  psig,  25°  FSH)  1934 

Raise  steam  press  to  250  psig  1053 

700  psig  679 

Exhaust  steam 

Base  case  (triple  effects)  1125 

Quadruple  effects  1009 

Robbed  triple  effect  909 

Robbed  quadruple  effect  840 

Here,  higher  live  steam  pressures  coupled  with  evaporator  configurations  designed  for  maximum 
steam  economy  appear  to  be  required. 

To  summarize,  some  improvements  in  operating  practices,  especially  in  Louisiana,  can  be  made  to 
bring  present  equipment  up  to  maximum  efficiency.   However,  to  attain  energy  self-sufficiency,  added 
investments  will  be  necessary.   These  may  include  heat  recovery  equipment,  higher  pressure  boilers, 
added  evaporator  effects,  and  the  like.   Freedom  from  dependency  on  fossil  fuels  is  a  desirable  and 
attainable  goal. 
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PROCESSING  OF  TOTAL,  CLOSE- SPACED  CANE 

J.  A.  Polack  and  H.  S.  Birkett 

Audubon  Sugar  Institute 

Louisiana  State  University 

Baton  Rouge,  Louisiana 

ABSTRACT 

Limited  tests  were  conducted  in  Audubon  Sugar  Factory  during  Fall,  1976,  to  determine  the  pro- 
cessibility  of  the  whole  cane  plant  (tops  and  leaves  included).   Also  tested  was  the  processibility 
of  cane  grown  under  special,  close-spaced  (12  inch)  conditions.   These  tests  were  part  of  the  Energy 
from  Crops  program  sponsored  by  the  Energy  Research  and  Development  Administration  and  coordinated  by 
the  Battelle  Columbus  Laboratories.   Cane  was  supplied  by  the  USDA  Sugarcane  Laboratory  (Houma)  and 
the  Sugar  Experiment  Station  of  LSU  at  St.  Gabriel.   Very  high  cane  yields  per  acre  were  achieved  by 
the  USDA  in  their  close  spacing  experiments.   These  high  cane  yields  more  than  offset  any  drop  in 
cane  quality  which  amounted  to  no  more  than  15-20%  in  sugar  yield  per  ton  of  cane.   Thus,  sucrose  yields 
per  acre  can  apparently  be  substantially  increased  by  close  spacing.   The  same  is  true  of  total  fer- 
mentables,  should  one  be  growing  sugar  cane  for  alcohol  production.   In  general,  the  effect  of  including 
tops  and  leaves  was  proportional  to  their  quantity  and  quality.   Compared  to  clean  stalks,  total  cane 
produced  more  bagasse  and  less  juice  with  some  drop  in  mixed  juice  purity,  and,  of  course,  a  loss  in 
predicted  yield.   The  tops  and  leaves  contribute  mainly  fiber.   There  seems  to  be  no  incentive  for 
including  this  nonproductive  fraction  in  the  mill  feed.   If  one  wishes  to  recover  tops  and  leaves  for 
maximizing  fiber  production,  it  may  be  best  to  handle  them  separately. 

INTRODUCTION 

The  work  described  herein  was  part  of  the  Energy  from  Crops  program  sponsored  by  the  U.  S.  Energy 
Research  and  Development  Administration.   Also  participating  was  the  Battelle  Columbus  Laboratories 
who  are  serving  as  project  managers  for  ERDA's  Energy  from  Crops  research.   Their  interest  is  in  maxi- 
mizing biomass  production,  with  a  view  toward  its  conversion  into  fuels  or  chemicals.   In  the  case  of 
sugar  cane,  a  product  of  obvious  interest  is  ethyl  alcohol.   Any  bagasse  (fiber)  produced  in  excess 
of  factory  energy  requirements  could  also  be  available  for  chemicals  production. 

In  addition  to  producing  chemicals,  improved  sucrose  yields  could  be  obtained  by  close-spacing. 
Accordingly,  processing  of  total,  close-spaced  cane  is  of  interest  to  sugar  processors.   This  paper 
presents  data  on  processing  of  such  cane  for  sugar  production. 

Covered  in  this  report  are  factory  and  pilot  mill  results  on  total  cane  from  both  one  foot  and 
regular  six  foot  spacings.   Also  included  are  results  on  separate  processing  of  clean  stalks  as  well 
as  tops  and  leaves. 

Cane  processed  in  this  program  was  supplied  by  the  Sugarcane  Laboratory  of  the  USDA  in  Houma  and 
by  LSU's  Sugar  Experiment  Station  at  St.  Gabriel,  Louisiana. 

RESEARCH  PROGRAM 

Two  sets  of  runs  were  made:   the  first  set  on  cane  supplied  by  the  USDA  in  Houma  (between  November 
30  and  December  2,  1976);  and  the  second  using  cane  supplied  by  the  LSU  Sugar  Station  (December  13 
through  16,  1976). 

The  USDA  cane  (CP  65-357)  consisted  of  close-spaced  cane  (1  foot  spacings)  harvested  on  November  29; 
and  regular  6-foot  spaced  cane,  harvested  on  November  30.   It  should  be  noted  here  that  South  Louisiana 
experienced  a  fateful  hard  freeze  on  the  morning  of  November  30.   The  close-spaced  cane  was  thus  cut 
before  the  freeze,  and  the  regular  spaced  cane  was  cut  afterwards.   Temperatures  were  low  throughout  the 
period,  and  since  all  cane  was  processed  within  two  days  of  harvesting,  there  was  no  evidence  of  any 
deterioration.   On  the  other  hand,  the  cane  harvested  on  November  29  was  actually  processed  in  the  mill 
on  the  morning  of  the  hard  freeze.   As  a  result,  the  cane  as  processed  was  frozen,  and  icy  conditions 
resulted  in  much  slipping  on  the  conveyor  belt  leading  to  the  mill  and  crusher.   For  this  reason,  very 
low  mill  feeding  rates  were  experienced  during  this  operation. 


Presently  employed  with  F.  C.  Schaffer  &  Associates,  Baton  Rouge,  La. 
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In  addition  to  the  two  runs  in  the  Audubon  Sugar  Factory,  cane  from  the  12- inch  spacing  was 
processed  in  the  small  Farrel  Mill  (100  lb  samples,  each  test).   In  these  tests,  the  cane  was  separated 
into  clean  stalks  and  trash,  or  tops  and  leaves.   Three  runs  were  made,  one  on  trash,  one  on  clean 
stalks,  and  one  on  total  cane. 

The  cane  supplied  by  the  Sugar  Station  at  LSU  (also  variety  CP  65-357)  was  all  planted  on  conventional 
row  spacings.   Unfortunately,  it  was  harvested  two  weeks  after  the  hard  freeze  of  November  30.   It  was 
considerably  deteriorated.   Nonetheless,  two  samples  of  total  cane  were  processed  in  Audubon  Sugar 
Factory,  as  were  two  samples  of  conventional  burned  cane.   In  addition,  a  sample  mill  run  (100  lb  charge) 
was  made  on  each  of  the  total  cane  samples. 

In  working  up  the  factory  juices,  difficulty  was  encountered  in  graining  the  deteriorated  syrups, 
and  no  raw  sugar  was  produced.   Also,  the  juice  from  the  sample  mill  unfortunately  was  not  analyzed. 

In  summary,  three  types  of  comparisons  were  made  in  this  series  of  experiments: 

1.  12-inch  spacing  versus  6- foot  conventional  spacing  on  total  cane. 

2.  Total  cane  versus  clean  stalks  versus  tops  and  leaves. 

3.  Total  green  cane  versus  conventionally  burned  cane. 

The  data  obtained  included  mill  balances,  juice  and  bagasse  yields,  juice  and  bagasse  quality, 
and  processibility  through,  where  possible,  to  sugar  production.   Sugar  yields  were  calculated  assuming 
96%  boiling  house  efficiency  (BHE)  throretical  recovery  by  the  Winter-Carp  formula.   Complete  data  on  all 
the  runs  are  presented  in  the  Appendix  Tables  1  and  2.   Details  of  procedure  are  presented  in  the 
Appendix  also. 


RESULTS 


Processibility 


Cane  milling:   The  conveyor  belts  from  feeder  table  to  the  mill  are  on  a  rather  steep  angle  at 
Audubon  Sugar  Factory  (26  ).   Difficulty  was  encountered  on  the  morning  of  November  30  in  processing 
whole  cane  which  was  partially  frozen.   The  icy,  leafy  material  tended  to  slide  on  the  conveyor  with 
the  result  that  milling  rates  were  substantially  lower  than  normal.   However,  subsequent  milling  of 
unfrozen  total  cane  proceeded  without  difficulty  and  full  mill  capacity  was  realized. 

Clarification:   Slow  clarification  was  experienced  in  the  first  processing  of  total  cane  (November 
30)  which  included  the  tops  and  leaves.   As  shown  in  Table  1,  the  starch  content  of  the  mixed  and  clari- 
fied juices  was  reasonably  high.   On  the  subsequent  factory  run  (December  2)  on  total,  regular  spaced 
cane,   the  double  clarification  method  of  Ashby  Smith  (1)  was  employed.   In  this  method,  the  limed  juice 
is  first  heated  to  about  135  F,  clarified  by  settling,  and  the  resulting  clarified  juice  is  then  reheated 
to  the  boiling  point  for  a  second  clarification  step.   This  procedure  resulted  in  the  reduction  of  the 
starch  content  as  shown  in  the  data  in  Table  1.   This  double  clarification  procedure  was  not  used  in  the 
treatment  of  the  LSU  cane  in  which  gum  was  more  troublesome  than  starch.   Of  course,  double  clarification 
takes  more  time,  and  this  was  a  serious  constraint,  especially  in  our  later  operations. 


Table  1 .   Processing  of 

whole  cane  - 

-  Fall  1976. 

Test  series 

Houma  cane 

(CP 

65-357) 

Close-spaced. 

Close-spaced 

Regular-spaced 

Tops  & 

Stalks  U; 

Total 

Description 

whole  cane 

whole  cane 

leaves  '->.) 

cane 

Tested  in 

Audubon  Sugar 

Factory 

Sample  mill 

Date  cut 

11/29/76 

11/30/76 

11/29/76 

Date  milled 

11/30/76 

12/2/76 

12/1/76 

Temp.  °F  (Hi/lo) 

48/21 

53/43 

60/24 

%  cane:     Trash 

20.0 

10.0 

— 

— 

17.1 

Imbibition 

19.29 

19.44 

23.29 

20.08 

20.45 

Mixed  juice 

78.63 

78.23 

20.09 

86.95 

73.62 

Bagasse 

40.66 

41.21 

103.21 

33.13 

46.83 

Pol 

9.59 

10.70 

1.45 

12.95 

11.59 

Brix 

12.82 

13.86 

4.67 

14.90 

13.91 

Fiber 

16.97 

18.50 

49.08 

12.29 

19.65 

Mixed  juice:  Brix 

13.59 

14.98 

9.66 

15.04 

16.39 

Pol 

10.22 

11.67 

3.00 

13.07 

13.66 

Purity 

75.20 

77.90 

31.06 

86.90 

83.34 

R.S.  ratio 

4.11 

5.06 

1.76 

2.41 

Starch  (PPM 

on 

bx) 

737 

569 

588 

357 

414 

Gum  (PPM  on 

bx) 

7001 

11966 

15344 

4041 

5523 

Dextran  (PPM  on 

bx) 

— 

1134 

— 

— 

— 
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Table  1.  (Continued) 
Test  series 
Description 


Clar If .juice:  Purity 

Starch  (PPM  on  bx) 

Gum  (PPM  on  bx) 

Dextran  (PPM  on  bx) 
Bagasse:    Moisture 

Pol 

Brlx 

Fiber 
Pol  extraction,  % 
Milling  rata.. tons/hour 
Calc.  yield ^   ,  lbs  96  sugar/ton 

Gross 

Net 


Houma  cane  (CP  65-357) 


Close-spaced 
whole  cane 


Regular-spaced 
whole  cane 


81.11 

194 

2535 

53.0 

3.82 

5.26 

41.74 

83.80 


3.34 


(2) 


81.48 
84 

3628 
687 
49.9 

3.82 

5.20 
44.90 
85.29 

8.48 


(1) 
(1) 
(1) 


(2) 


139.5 
174.4 


(3) 


161.87 
179.85 


Close- 


Tops  ^,5) 
leaves 


spac^ 


Stalks 


49.80 

0.82 

2.64 

47.56 

41.59 


1.35 


Total 
cane 


57.40 

54.10 

4.78 

3.28 

5.50 

3.94 

37.10 

41.96 

87.77 

86.75 

13.58 

185.05 

— 

212.95 

Juice  subjected  to  double  clarification  (cold  &  hot)  method  of  B.  A.  Smith.   Data  after  2nd  step. 
Cane  slipped  on  carrier.   Partly  frozen,  partly  leafy. 


(1) 

(2) 

(3) 

.,( Sugar  had  greenish  cast. 

^Assume  actual  extraction;  96  BHE;  theoretical  extraction  =  1. 

^   ' Total  cane  composed  of  17.1%  tops  and  leaves,  82.9%  stalks. 


40/P. 


Sugar  boiling:   The  total  cane  from  Houma  produced  raw  sugar  which  seemed  to  have  a  greenish  cast. 
Otherwise,  it  presented  no  difficulty  in  making  A  sugar. 

On  the  other  hand,  the  LSU  cane,  processed  two  weeks  after  the  freeze,  produced  a  gummy  juice. 
Inspection  of  the  mixed  juice  quality,  Table  2,  shows  the  high  contents  of  gum  and  reducing  sugars. 
We  had  no  success  in  graining  this  material  due  to  the  gummy  nature  of  the  syrup.   After  failing  in  our 
attempts  to  grain  this  material,  we  abandoned  subsequent  efforts  to  make  sugar  from  it. 


Table  2.   Processine  of 

whole  cane  - 

-  Fall  1976. 

.,  . 

Test  series 

LSU  cane  (CP 

65-357) 

Whole 

Burned 

Whole 

Burned 

Description 

cane  No.  1 

cane  No.  1 

cane  No.  2 

cane  No.  2 

Tested  in 

Audubon  Sugai 

Factory 

Date  cut 

12/13/76 

12/14/76 

12/15/76 

12/15/76 

Date  milled 

12/13/76 

12/14/76 

12/15/76 

12/16/76 

Temp.  °F  (Hi/lo) 

53/43 

51/40 

61/49 

67/38 

%  cane: 

Trash 

21.0 

10.0 

24.0 

8.0 

Imbibition 

19.74 

20.04 

23.26 

21.35 

Mixed  juice 

79.76 

81.83 

85.06 

86.05 

Bagasse 

39.78 

38.21 

38.21 

35.30 

Pol 

7.54 

8.91 

7.14 

8.0 

Brix 

10.84 

11.87 

10.13 

11.50 

Fiber 

18.09 

15.53 

17.47 

16.69 

Mixed  juice 

:  Brix 

11.70 

12.05 

9.90 

11.80 

Pol 

8.20 

9.10 

7.05 

8.56 

Purity 

70.09 

75.52 

71.21 

72.54 

R.S.  ratio 

11.09 

9.56 

13.48 

10.75 

Starch  (PPM 

on  bx) 

392 

238 

408 

583 

Gum  (PPM  on 

bx) 

20408 

24939 

13605 

12138 

Dextran  (PPM  on 

bx) 

327 

871 

389 

890 

Clarified 

Purity 

72.90 

76.09 

70.16 

73.95 

juice 

Starch  (PPM 

on 

bx) 

52 

49 

58 

460 

Gum  (PPM  on 

bx) 

5771 

6321 

10557 

7524 

Dextran  (PPM  on 

bx) 

87 

408 

144 

293 

Bagasse: 

Moisture 

50.80 

54.10 

49.80 

48.90 

Pol 

2.46 

3.82 

3.00 

2.46 

Brix 

3.74 

5.27 

4.48 

3.81 

Fiber 

45.46 

40.63 

45.72 

47.29 

Pol  extraction,  % 

87.01 

83.61 
3.8  K   } 

83.95 

89.46 

Milling  rat 

a,. tons/hour 
Tl),  lbs  96° 

15.9 

8.37 

14.74 

Calc.  yield 

sugar /ton 

Gross 

108.8 

129.6 

100.5 

125.02 

Net 

137.7 

144.0 

132.3 

135.89 

fContinuedl 
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Table  2.   (Continued) 


(1) 
(2) 


No  sugar  made  in  these  tests  due  to  poor  quality  of  syrup.   Gummy  material  in  pan. 
extraction;  96  B.H.E.;  Theoretical  Extraction  by  Winter-Carp. 
Trouble  feeding  1st  set  of  knives. 


Assumed:   actual 


Factory  Results — Houma  Cane  (Total  Cane) 

Data  from  the  comparison  between  12-inch  and  6-foot  row  spacing  are  given  in  detail  in  Table  1, 
attached,  and  are  summarized  below: 

Table  A 

Factory  results  -  total  cane 
(Houma  cane  -  11/30-12/2/76) 


Trash,  %  cane 

Pol,  %  cane 

Mixed  juice,  %  cane 

Mixed  juice,  purity 

Mixed  juice,  gum,  ppm  on  brix 

Pol  extraction,  % 

Calc.  yield,  lb/ton,  gross 


Net 


Close 

Regular 

spaced 

spaced 

20 

10 

9.59 

10.70 

78.63 

78.23 

75.20 

77.90 

7001 

11966 

83.8 

85.3 

139.5 

161.9 

174.4 

179.9 

Inspection  of  Table  A  yields  the  following  observations: 

The  close-spaced  cane  as  tested  in  Audubon  Sugar  Factory  had  slightly  higher  trash  than  the 
regular  spaced  cane.   The  pol  %  cane  was  slightly  lower  (9.59  versus  10.7%).   This  difference  may  not 
be  significant.   Caution  is  recommended  in  interpreting  the  results  of  single  tests.   The  production  of 
mixed  juice  was  about  the  same  for  both  samples  and  the  mixed  juice  purity  was  only  slightly  less  for 
the  close-spaced  cane.   Gum  content  of  the  juice  of  the  regular  spaced  cane  was  high,  possibly  reflecting 
the  fact  that  it  was  harvested  after  the  freeze.   Extractions  were  good  on  both  samples,  and  calculated 
yield,  while  lower  for  the  close-spaced  cane  on  a  gross  ton  basis,  was  only  slightly  lower  than  the 
regular-spaced  cane  on  a  net  ton  basis  (174  versus  179.9  lb  per  ton). 


Again,  these  differences  may  or  may  not  be  significant, 
mental  error. 

The  yields  of  sugar  per  acre  are  shown  in  Table  B. 

Table  B 

Yields  per  acre 


Most  likely,  the  results  agree  within  experi- 


Cane,  gross  tons/acre. 
Cane,  net  tons/acre 
Sugar  yield,  tons/acre 


(2) 


Close 

Regular 

spaced 

spaced 

145 

62 

87 

51 

7.57 

4.61 

(2) 


Data  supplied  by  Dr.  J.  E.  Irvine,  USDA,  Sugarcane  Laboratory,  Houma,  La. 


A  substantially  higher  yield,  7.57  tons  per  acre  was  obtained  from  close-spacing  (4.61  tons  per 
acre  for  regular  spacing).   Each  of  these  figures  is  a  high  number,  as  a  result  of  the  high  cane  yields 
per  acre  experienced  under  the  experimental  conditions  of  the  Houma  Laboratory.   But  the  obvious  advan- 
tage for  close  spacing  is  most  interesting — both  from  the  point  of  view  of  the  sugar  processor  or  the 
possible  alcohol  producer. 

Clearly,  the  outstanding  field  tonnage,  achieved  by  close-spacing,  carries  through  and  shows  itself 
as  more  sugar  produced  per  acre.   There  may  be  some  loss  in  cane  quality  due  to  close-spacing,  but  the  field 
advantage  more  than  offsets  it. 
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Sample  Mill  Results— Houma  Cane 

The  detailed  results  of  the  sample  mill  tests  on  tops  and  leaves,  stalks,  and  total  cane,  are  also 
shown  in  Table  1.   These  results  are  summarized  below  in  Table  C. 

Table  C 


Percent  by  wgt. 

Trash,  %  cane 

Mixed  juice 

Bagasse 

Pol 

Brix 

Fiber 


Total  cane  processing 
(Houma  cane  -  12/1/76) 

Sample  Mill  Results 


Tops  & 
leaves 

17.1 
100.0 

20.11 
103.2 
1.45 
4.67 
49.1 


Clean 

stalks 

82. 

9 

0. 

0 

87 

0 

33 

1 

12 

95 

14 

9 

12 

29 

Total 

cane 

Meas. 

Calc. 

100 

100 

17.1 

17.1 

73.6 

75.5 

46.8 

45.1 

11.6 

11.0 

13.9 

13.2 

19.7 

18.6 

fiber. 

The  clean  stalks,  on  the  other  hand,  were  excellent,  as  one  would  expect.   The  yields  and  quality 
shown  in  the  second  column  of  Table  C  above  ave  conventional. 

The  results  on  total  cane  (see  third  column)  are  somewhat  poorer  than  those  on  the  clean  stalks, 

lliilllSlSflif 

runs  would  be  required  to  determine  if  such  an  effect  actually  took  place. 
Sugar  yields  from  these  operations  are  shown  below: 

Table  D 


Sample  Mill  Yields,  Lbs  Sugar /Ton 


Tops  and  leaves 
Clean  stalks 
Total  cane 


1.35 
213.6 
185.1 


an  equal  weight  of  clean  stalks. 

If  capacity  were  of  no  concern  and  one  wished  simply  to  maximize  bagasse  production,  then  there 
might  be  some  reason  to  include  tops  and  leaves  in  the  mill  feed. 

Results  on  LSU  Cane 

cut,  conditions  were  far  from  ideal. 

It  has  already  been  mentioned  that  attempts  to  grain  sugar  from  this  «^(,«!*o°?™J""*fq^Jltles. 

recovery  by  the  Winter-Carp  formula. 
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Examination  of  the  data  in  Table  2  reveals  that  the  burned  cane  had  less  trash  (as  expected)   higher 
juice  production,  and  better  juice  parity  than  the  total  cane.   As  a  result,  slightly  higher  net  yields 
were  calculated  for  this  material.   Again,  one  should  be  cautious  about  drawing  conclusions  from  these 
numbers,  differences  between  which  are  probably  not  significant.   Directionally ,  the  results  are  the 
same  as  those  described  earlier:   namely,  the  inclusion  of  trash  is,  as  expected,  deleterious. 

The  main  thing  to  note  in  this  whole  series  is  that  the  cane  as  supplied  was  of  generally  poor  quality 
This  is  illustrated  by  the  reducing  sugars  ratio,  the  high  gums,  and  the  high  dextrans.   These  various 
impurities  no  doubt  accounted  for  the  difficulties  experienced  in  attempting  to  grain. 

The  sample  mill  gave  some  bagasse  and  juice  production  data  which  are  in  fairly  good  agreement  with 
those  from  the  Audubon  Sugar  Factory  tests.   Unfortunately,  the  products  from  these  runs  were  never 
analyzed.   However,  all  of  our  experience  would  lead  us  to  expect  the  same  results  as  those  obtained  in 
the  larger  mill. 

CONCLUSIONS 

This  work  has  shown  that  the  very  high  yields  of  sugarcane  in  tons  per  acre,  obtained  through  close- 
spacing  in  the  fields,  also  lead  to  very  high  sugar  yields.   Only  slight  debits  in  juice  production  and 
quality  were  shown  for  the  close-spaced  cane— and  it  is  not  known  whether  these  slight  differences  were 
statistically  significant.   Accordingly  one  predicts  that  very  high  sucrose  yields  per  acre  may  be 
realized  through  the  factory  processing  of  the  close-spaced  cane. 

In  these  tests,  the  overall  sugar  per  acre  was  increased  by  about  50%.   Surely,  this  interesting 
result  is  worthy  of  further  study. 

From  this  work  it  is  also  concluded  that  there  is  no  benefit  for  the  milling  of  tops  and  leaves 

°^!!r  'h!._m!tter_their  lnclusion  along  with  clean  stalks  of  cane.   Should  there  be  a  need  for  additional 

ncluded 
bagasse 
be  a 

Further  consideration  will  have  to  be  given  to  new  methods  of  harvesting  the  Louisiana  crop  should 
there  be  a  change  to  12-inch  row  spacing. 
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APPENDIX 
PILOT  PLANT  TEST  PROCEDURE 

Equipment  (Audubon  Sugar  Factory) 

Milling:   The  factory  is  equipped  with  a  Squier  milling  tandem  at  360  tons/24  hours  and  consisting 
of  a  two-roll  crusher  and  three  3-roll  mills. 

Clarification:   The  pilot  plant  clarification  equipment  consists  of: 

Two  100  gallon  liming  tanks  equipped  with  Lightnin'  portable  mixers. 

Two  Ross  shell  and  tube  heat  exchangers  having  25  sq.  ft.  total  heating  surface. 

Five  100  gallon  open  clarifier  tanks. 

Evaporation:   Forced  circulation  evaporator  having  11.75  sq.  ft.  heating  surface. 

Crystallization:   Two  calandria-type  vacuum  pans  of  about  10  gallons  capacity.   One  Bird  centri- 
fugal operating  at  1750  rpm. 

Procedure 

Each  lot  of  cane  (2  or  3  tons)  was  processed  through  the  milling  tandem  and  the  pilot  plant. 
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Each  lot  of  cane  was  weighed,  sampled  for  trash,  and  milled  with  20  percent  maceration  water  on 
cane  and  at  a  third  roll  speed  of  30  fpm. 

The  extracted  (mixed)  juice  was  then  transferred  to  the  pilot  plant  where  it  was  limed  cold  to  7.5 
nH  heated  to  212°F  and  settled  in  the  clarifiers.   In  addition,  phosphoric  acid  was  usally  added  to 
Se  cold  juice  before  liming,  and  the  Separan  AP-30,  a  carboxy-amide  type  polyelectrolite,  which  is 
manufactured  by  the  DOW  Chemical  Company,  was  added  to  the  hot  juice  as  it  eneterd  the  clarifiers.   The 
Optimum  juice  treating  conditions  as  PH  and  phosphoric  acid  and  coagulent  dosage  were  determined  in 
the  laboratory  prior  to  the  pilot  plant  run. 

The  use  of  Separan  AP-30  and  phosphoric  acid  is  not  uncommon  in  raw  sugar  manufacturing  where 
clarification  problems  are  encountered. 

Upon  settling,  the  clarified  juice  was  then  transferred  to  the  evaporator  feed  tank  and  evaporated 
to  syrup. 

In  the  crystallization  stage,  the  syrup  was  initially  boiled  to  make  grain  (grain  strike)    The 
can  was  seeded  with  a  slurry  of  confectioners  sugar  in  isopropanol.   A  footing  of  gram  was  left  in  the 
pan  for  a  sugar  strike  which  was  completed  with  syrup.   The  resultant  massecuite  was  transferred  to  the 
centrifugal.   As  a  massecuite  charge  was  drying  in  the  centrifugal,  a  small  amount  of  wash  water  was 
added--as  would  be  done  on  a  commercial  scale  operation.   The  products  from  the  centrifugal  were  sugar 
and  molasses. 

SAMPLE  MILL  EQUIPMENT  AND  TEST  PROCEDURE 

Equipment 

Three-roll  sample  mill:   The  three- roll  sample  mill  which  was  used  in  studies  was  designed  by  the 
staff  of  the  Chemical  Engineering  Department  and  the  Audubon  Sugar  Factory,  and  constructed 
and  presented  to  the  Audubon  Sugar  Factory  by  the  Farrel-Birmingham  Company  of  Ansonia, 
Connecticut.   The  mill  weighs  14,125  pounds  and  measures  approximately  six  by  eight  feet. 
All  metal  sections  of  the  mill  are  annealed  and  stress-relieved.   The  mill  is  powered  by  a 
220-440  volt,  15  HP  motor  with  a  four  to  one  speed  variation  which  gives  an  effective  mill 
speed  of  about  eight  to  forty  feet  per  minute.   A  4  1/2  inch  floating  shaft  connects  the 
reducer  to  the  actual  mill.   This  shaft  drives  the  cane  grinding  unit  which  consists  of  three 
twelve  inch  by  twelve  inch  rolls.   The  rolls  are  grooved  to  three-eighth  inch  with  a  pitch 
angle  of  50  . 

The  mill  is  equipped  with  a  Blackhowk  hydraulic  system  which  consists  of  a  pump  and  oil 
reservoir  mounted  on  the  machine  base.   This  system  is  capable  of  delivering  a  maximum 
hydraulic  pressure  of  2000  psig  which  is  equivalent  to  forty  one  tons  per  foot  of  top  roll. 
The  hydraulic  system  includes  two  Edwards  accumulators  with  piping,  gauges,  and  roll  float 
indicators.   The  mill  employs  a  central  force-feed  lubrication  system  which  distributes 
oil  to  six  points  on  the  mill. 

The  cane  feed  chute  is  twelve  inches  wide  by  eight  inches  deep,  and  is  mounted  at  an  angle 
to  facilitate  feeding.   The  bagasse  chute,  which  is  wider  than  the  rolls,  is  inclined  at 
an  angle  to  provide  gravity  discharge  of  the  bagasse. 

Galvanized  iron  trays  approximately  five  feet  long  by  twelve  inches  wide  by  eight  inches 
deep  are  provided  to  facilitate  feeding  cane  or  bagasse  to  the  mill.  The  trays  are  so 
constructed  that  the  cane  or  bagasse  can  be  placed  in  the  trays  and  the  trays  inserted  in 
the  cane  feed  chute.  When  the  trays  are  tilted  the  feed  enters  the  mill  by  gravity. 

Procedure 

A  100  lb  sample  of  cane  is  weighed  and  fed  manually  through  the  feed  chute  into  the  mill,  ^"ration 
water  is  delivered  by  gravity  from  a  cylindrical  drum,  equipped  with  a  graduated  sight  glass.   The  water 
rae  is  con  rolled  by  hand  to  give  the  desired  water  addition-usually  20%  by  weight  distributed  equay 
over  the  first  2  passes  through  the  mill.   The  water  is  fed  to  the  bagasse  as  it  emerges  from  the  rolls. 

Standard  procedure  was  to  use  3  passes  through  the  mills.   The  bagasse  from  the  first  pass  was 
collected  and  fed  through  the  mill  for  the  second  pass.   Similarly,  the  bagasse  from  the  second  pass 
was  collected  and  given  a  third  pass  through  the  mill.   No  water  was  added  to  the  final  bagasse. 
Juice  from  all  passes  is  accumulated,  mixed,  weighed,  and  sampled  for  analysis.   The  final  bagasse 
was  also  weighed  and  sampled  for  analysis. 
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COOLING   SPRAY  POND: 

A.    Tellechea 

Gulf  +  Western  Technology  Corp. 

Coconut  Grove  Station 

Miami,  Florida 

ABSTRACT 

It  has  been  observed  that,  during  periods  of  adverse  meterological  conditions,  the  sugar  mill 
does  not  reach  its  design  capacity,  due  to  elevated  cooling  water  temperatures.   The  spray  pond 
system  performance  has  been  evaluated  using  data  and  thermal  performance  prediction  techniques 
similar  to  those  used  In  the  nuclear  industry.   In  the  evaluation,  modifications  in  design  and 
operation  were  considered  which  would  lower  cooling  water  temperature,  to  allow  the  plant  operation 
to  achieve  a  higher  capacity.   The  basic  modifications  evaluated  were  increased  spray  flow  rate 
with  the  existing  piping  design  and  no  additional  nozzles,  and  increased  flow  rate  combined  with 
raising  the  nozzle  elevation  above  the  water  surface.   The  results  of  the  evaluation  show  the 
percent  of  design  capacity  for  each  change  in  design  or  operation,  and  for  various  wet  bulb 
temperatures.   These  results  are  given  primarily  to  show  the  relative  increase  in  production  that 
should  be  realized  for  the  various  methods  of  operation,  and  are  not  absolute  values  that  can  be 
used  to  predict  plant  output.   In  view  of  the  flexibility  in  the  plant  design  to  increase  the  flow 
to  the  spray  pond  without  further  capital  investment,  the  recommended  procedure  is  to  maximize  spray 
flow  rate.   Raising  the  nozzles  did  not  significantly  increase  the  thermal  performance,  considering 
the  expense  and  inconvenience  of  the  change.  With  the  flow  rate  maximized,  there  will  still  be  some 
days  when  full  plant  capacity  will  not  be  realized,  most  -likely  those  days  whose  average  wet  bulb 
temperature  exceeds  75  F.   The  present  situation  at  the  sugar  mill  is  a  temporary  one,  since  an 
expansion  is  planned  next  year.   It  is  recommended  that  any  design  changes  to  further  improve  per- 
formance be  coupled  with  the  expansion.   There  are  design  changes  that  can  be  made  during  that 
expansion  which  will  allow  full  plant  capacity,  even  for  days  having  an  80  F  average  wet  bulb 
temperature. 


10nly  the  Abstract  of  the  paper  was  available  for  the  Proceedings 
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OLD  AND  NEW  TECHNIQUES  IN  PROCESSING  FREEZE-DAMAGED  CANE 


Carlos  R.  Toca 

Carlos  R.  Toca,  Inc. 

New  Iberia,  Louisiana 


ABSTRACT 


Experiences  which  occurred  in  processing  freeze-damaged  cane  in  Louisiana  and  Florida  during 
the  pa  1    discussed,  including  such  factors  as  cane  conditioning,  recommendations  on 

liming   nd  bacteriological  treatment,  chemicals  to  be  used  and  the  boiling  system. 


LOnly  the  Abstract  of  the  paper  was  available  for  the  Proceedings. 
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PRESIDENT'S  MESSAGE:   LOUISIANA  DIVISION 

R.  D.  Breaux 
U.S.  Sugar  Cane  Field  Laboratory,  USDA,  Science  and  Education  Administration 

•  a    =trv   for  the  183rd  time,  produced,  harvested  and  processed 
Last  year,  the  Louisiana  sugar  industry,  for  the  I65r d  w   ^p  ^  f&n  planting; 

another  sugar  crop.   It  was  what  seems  to  have  ^come  our  normal  gr o   g       ^  ^   miserable  har_ 
a  late  cool  spring;  a  dry  ear ly  s^%hotL   (ToiWO   tonnes)  of  sugar,  raw  value,  in  1977,  the  highest 
refei  1T^T^^™*~*    ~  -  cane  per  acre  and  our  mills  extracted  133  pounds 
of  sugar  per  net  ton  of  cane. 

i:-d'°Z"Jlt  ^Z^TT^Z^tZ^uT^^   ,1   need  ~  -ther  -.nee  o£  de- 
cline. 

The  Louisiana  sugar  industr,  has  seen  better  days   <*,,  -  ~-  ^8e°Se'probL»  STSdli- 

These' avenues  are  still  wide  open  today,  and  as  useful  as  ever. 

The  first  avenue  to  survival  has  been  a  close  f  ij organization  of  growers  ^processors  which^ 

speaks  and  acts  effectively  in  the  best  f  ^^^%^af  ^^"eague  in  securing  a  US  $0,135  support  price 
relentless,  tenacious  leadership  of  the  ^r"^ugar  Cane  League  8  alternative?   Does  it  not 

2.%S7t  s  ^jstiSSiK:.ifSsi.B»5S;-.  —  —  — for  the  industry' is  also 

attainable? 

A  second  historic,!  -ens  of  prohi..  solving  has  b-j.  ^'S^S'SXSTSirSSS^r' 
to  use  its  products.  A  recent  example  as  the  rapid  «P»»£°  industry  can  recover  190  to  200  pounds 
high-sucrose  varieties  from  the  cooperative  «™   *  ~  ™     „ine-month  growing  seasoa)  in  future 
o/sugar  per  net  ton  of  cane  <«°''«  /"^"^"the  sugar  cane  borer  did  not  develop  normally  in 

cr^r/^pi:^  SlS^SS»M5e-ISd5uW  by  our  growers. 

T„e   third  and   primer,  reason  that   the  Louisa  ^"f  «£  f «  £^  J^S.?  2MET 

of   the  Louisiana  sugar  cane  growers     ^""^^"^""re     xperaenced  managers  or  a   low-cost,    low-profit 

ssr. syry"rrre;ybrtubbor„h :„p  ^ ^. -- eS« -- r^r^ss:"" 

additional  opportunity  for  those  who  remain. 

X  am  confident  that  the  Louisiana  sugar  cane  industry  -l™^^ List  forlfxe.stTnotner 
domestic  experts,  who  Just  do  not  understand  at.  houtsiana   suga        y        exploration  of  new  sugar 
^S.iL-.^SSSS;  "  JM^i-.  -  Elated  genera.   It  will  taxe  decades, 
but  these  new  genes  may  be  desperately  needed  some  day., 

„e  can  adjust  our  r„  width  >-  plant  ge-etry  ^^^^^^J^^S^S.'SbS^r' 
Surest  ^S^S^^^^"^  will  be  necessary. 
—  ible^^ 


It  is  now 


cheap .      , .  . 

which  is  already  hauled  to  the  mill.' 


when  he  plants  a  sugar  cane  crop  in  these  ^certain  times   He  «  *in       *    profitability  be  clearly 
any  proposed  new  technology  be  thoroughly  tested  £  J^"^^  technologies  that  will  obviously  take 

aTonrrrto  sr*  ^^n.^t^s.^-ss.u..  *«  *i.  ** *  -  he  eXPects  his 

children  to  survive  in  this  business. 
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PRESIDENT'S  MESSAGE:   FLORIDA  DIVIS 


ION 


Bias  M.  Rodriguez 
Assistant  to  Vice  President  Sugar  Houses,  U.S.  Sugar  Corp. 

Florida's  1977-1978  sugar  cane  harvest  season  came  to  an  end  on  Anril  7   1Q78   h    ..„,  A 

IZtJZ'XX  SS.^TSJT-  0ver  160  days  had  passed  S*L; ^.-^^cofMScfiS 

of   e£   K^r^JT^^L^^^tT^^^g;   S?J.    =   —   tb-t    the   average   number 

vested   during   the    1977-1978  Lasonprod! ce 9^029   oSo   tons      8™!  2o' 00 tc      ^  T''7  3°°'000  ""■  har" 
decrease   from   the   preceding   year   and   877,142      789   428  e      '        %'  P  '  cane     almost   a  10  percent 

the   sugar   produced    in   the    1976-1977   crop    year        Th      p        !     I  I  *    SUgar'    °r   4"°   Percent    less    than 

average,    in   spite   of    the   adverse  weather  conditions        Pr°dUCtl°n   flgUreS   fal1   -thin   the    last   five   years' 

With   sugar    inventories  mounting   all   over   Hip  „nrij      „.,„  , 

over   consumption,    it   would  be   illogical   to  expect  arise   ITrU'T   ±S   ^^   *   subst^ial 
near   future.  expect   a   rise   in   the  price  of  sugar  on  the  world  market 


margin 
world  markets    in   the 


legisllivT^nr  he^^ III       a  L   Lv^m  nT   '*"*  ^I"  ""   *"   ^^  °f   ~  — «"   »f    the 

industry.      However,    we  must    remtb   r     ha      this   S  oSJTtSo  ^   ^   "^   t0    ^   ^^    ^ 

must   be   enacted   by   our   government's    leader  W hay^to   S5S LaTuT^  V  ^V6™1"""    Soluti- 

interests   not    to  depend   on   the    federal   government    for   our  ^t  enemas   ^SSe'L™^'   ""   ^ 

establLhi:   ^ic0:^'    "tE^T^SS^*^    "^   a-l0n8'    ^^    l0°k   at    ~   °f   -   *«. 

agriculture  and   in  processing,   and  make  changes  where  warranted. 

These  sa«e  varieties  produce  1^?™,^     L  ^^  J""?1'  "  °"r  8o11   ««  "«""«  conditions, 

a  prosperous  one.     BeLs.  =i     TLm  eSstin  "  IS',     ',";?'  ""  S0Uth  """»  s"8"   ""*">»" 

-Uh  other  natnrai   or  artificial   sweeteners"^  ll^X\^ ^1^1^ ^T,lZ^   tn.  world. 

year,"  U^'^J"^^'^  %%tX   ST^T*  *  "j«   -»-*■  «""-    «"    >«»    <" 
the  average   capacity  of    the  seven  mills    il   "  ,  Tveil  over  VoOu'to^ l"j"^    "    ""a   "^  """^ 

figure  unmatched  anywhere   in  the  world.      Now   it    is  „   to  „.    r°   ,\      U.  "'  P"  grinding  day,    a 

coupled  with   today's   technology,    to  offset  "he   rising  cos"  of  labor       d   "?' '•',    USe   thIS  °°d"n  "l"1P™'t, 
not   only  continue  oor  efforts    to  keen   nJodueMnn  „ !  of   labor   and  materials.      Consequently,    we  must 

log  by-products   from   sugar  cL." JTSjElS  ™.°£\£S JS^.*1-   1"r—  "»  "— ™   »  *~- 

whileC:,:e„deir;"8.hbr^i''coC„J;essf:f1th"   SSSJLS  Societ"  "f^   ^  r    tne   W°""""'   "   ~    *  — " 
XamXlneT.   &E£s,2%£  ^  ^        ^  ?^^^S   ££f  ET 


ugar-producing   country 


determine   the   facts   relating   to  water  quality  i tC  ft    f  ^  Wlth   thS    19?2  Water  Quallty  Act   and    *° 

Sugar  Cane  League,    the   indujtrv  Is   f InZc £ L  fverglades   agricultural   areas.      Through   the   Florida 

and  will   soon  release   its   result s.  „  Z   "f   ^^   °f  Cime'   vegetable   and   ca»le  operations, 

importance    to   the   survival   of   the   industry.    management   °f   area  water   resources   is,    of   course,    of  vital 

on  e^T^TZulTet   JT^C^-'S^   Z   TT" '•    T*""  With   thS  milli°nS   °f   d°lla"   *P-t 
bagasse-burning  boilers.  §   C°nSldered    the   leader   ^   the   arrest   of   particulate   emissions   from 
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„e  ha«  „o«  escape,  *  «.   of  Occupation,.  ^^^^a^^i^Sl-^  «  »P 
ttae,  n„i«g  this  past  «»?i/"0lU:fToL,™P«  t,"t;  "at  have  ne.n  spent,  .,  real!,,  no.  »ncn  pt=- 

"l,fif^  LTSJ!  S.ST.  iS  <«  -  --  » b""< l±-  ™d  "ork- 

ta  -  as  »e  ,„  «,U«  «~  far  incase  areas,  --.-»£  »£-— 7&  , £ 

more  than  ever  in  the  history  of  our  business,  we  are  In  the  p       H    one-sided  coverage  to  unscientific 

S2T.5K  =■="  ^-----F^ 

•■   •    _„„   <-«-.  nrp^prve  our  own  interests, 
public  relations  men,  to  preserve  o 

„  coacin.ion,    tn,  sarins  of  proMe.s   facac   oy  «j.  JJMJ  SSytjr^^tjSSSLSf- 

:s lh;  S-^sa  ££"*  srsss^tsss-rtJ  ones  i.  ^  - « — , 

young   industry    in  Florida  possible. 
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:ration  was 


SUGAR:   PROSPECTS  AND  PROBLEMS* 
Ray  Fitzgerald 
Agricultural  Stabilization  and  Conservation  Set 

Speaking  before  you  today  would  be  easy  for  me  if  I  ronTH  ♦-  n 
prepared  to  propose  a  5-cent  hike  in  sugar  supports    It  1    u    ^   ^  the  Administ^-  -•<  -s 
stantially  higher  fees  on  ported  raw  sugar^Right  now  1°^  Si^S^.1  COUld  *—  Sub" 

today^iSt  ££"£?£  mlet"^  ^et^SrVf  *»  ^  «*«  —   Retime 
request  -  to  discuss  proposed  changes  in  the  c Sen  ^  ^^  Producin8  «eas  -  at  their 

co„t  last  week  on  a  proposal  to  Lrease  impoTf^Tr  s^d  ad j £?  g£  ^"1^^^ 

innaSrpre  sLg-grs;  sr  rssx^s,  f°-r  todavs  the  d™ 

problem  the  worst  domestic  problem  that  we  have  now  X  inlatifnT    Y  "  ChlCa8°'  "The  W°rSt  eC°"omic 

^a^™^  time  would  add  another  coil  to  the 

our  producers  are  caught  in.  are  better  ways  t0  gradually  reduce  the  squeeze 

Today,  American  sugar  produrprc;  mpot  oi,„  -  re 

co„„try.  :„„„„  flll  L  ?Ld^»Sr4?bp«c»tpoT^  „f.S?  de""d  f" reftaed  s"8"  '-  «■ 

be«s  and  i„ports  of  3.4  M  3  8  mllllonytons  th^7y^""  t0nS-   »e  "P~t  3.1  million  short  tons  from 

95  pounds  of  sugar  each.  n6eds  °f  consumers  *o  last  year  ate  a  little  more  than 

costs  of  produetionur'farmer^face.211^  °f  imp°rtS-   T^  Price  ^  too  low  compared  with  unavoidable 

cultural  Product"8"smaane^^  commodity  cycles  of  any  major  agri- 

bust  cycle  which  has  characterized  th s'gar  Srket  fo^the  1   t  "    **  ^"^  °f  the  ^-r  boom-and- 
and  other  devices  to  regular  supply  and  price  CentUry  ~  deSpite  <5u°tas>  imP°rt  fees 

gicM8" f~^"^  stocks  and  sent  world 

«~t  of  this  year.   That  is  less  than  the  £?  S^^T^  L^ry  S^£T  *" 

PoundT197s^aw  i^^^^^^   -  S'.-T  X3.2  cents  to  produce  a 
producers  to  compete  freely  with  imports!  downswing,  it's  become  impossible  for  our 

accounted  for  a  new  record  in  tonnage'  i^^T^oT^/™"  d°meStiC  t0  f°reign  r«  SU^ 

Increasing  environmental  re^la?^8^^^^^?;   They?ve  g0^  Problems  beyond  their  control, 
mention  the  general  cost  increases  in  ene^v-reLte.    Z^"  \tandards  UP  th^r  costs.   Not  to 

energy  related  products  that  have  set  most  of  our  farmers  back 

Department  iSc£^^.*S£°S::",;ti;terrt  ???*    *»  "'*  ^-r est  puts  the 

u-Lgnc  rope.   it  s  a  tough  balancing  act. 

to  about^fcents'last  s^meT  ll^lsTJeTt^llltt   "£"  *  V"**'      ^^  "  d"Pped  back 
in  protest  against  higher  sugar  supports  and  hZZ        f°^8°tten  those  h±^   Prices.   And  their  voices 
during  a  time  of  general  inflation!  §    ""^  PriC6S  haVe  t0  be  considered,  especially 

expirfon  December' Sl^lSyf  ^IT .TcelTelTLV"^'    ^  Sug"  Act  °f  1948  was  all°wed  to 
duced  an  interim  price  support  payment  pro  ^am   Z       t   ""  °f  pr°duCtlon  last  ~r.  USDA  intro- 
and  Ag.  Act.   That  Act  created  a   w  r   §  lr  "  n  "    ™  ^^   WM  suPerseded  by  the  1977  Food 
for  sugar  from  52.5  to  65  percent  of  parityf-or  at     t^T?  Pr°gram  ^'^  ^i"8  SUPP°" 
level  for  1978-croP  raw  cane  sugar  isVe"  ce'ts  per  pound   "^  P"  ^^   "' 


The  current  support 


*This  was  an  invited  paper. 
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industry. 

t  .    aHmla1  Suear  Agreement  as  the  most  promising  prospect  on  the  horizon. 

Once  the  88«„t  is  in  effect  "".la  ^S.,  SPUSSf ^  ~  J-™! ir^S""^  d"" 
closer  to  demand  which  should  strewn  graces   Pr  ces  s„ ould         ^  —l  rlJe  9ug   prlees  have 
range  of  11  to  21  cents  a  pound.   That  s  a  "'1=°-  '  sponger  industry  here  in  the  U.  S.   The  agreement 
STSt^ Pr;d„c:rs:8;ro^sS:rs1„rco:;»ersS,like  with  more  reliahle  supplies  end  prices. 

•  •   =  r,f  rhP  nart  with  vou.   These  provisions  were 
Let  me  briefly  review  some  of  the  major  provisions  o    «    t   Jth  y  Qnal  basis  on  January 

accepted  on  October  7,  1977,  and  the  five-year  agreement  went  into 

ll?hi-l^ra--t%-de:-cS  i==M  52  ST-TS  =££- f" 

countries!  Plus,  there  is  some  leeway  for  developing  nations. 

Each  year  the  ISA  will  estimate  import  retirements  a. J  pro-rate .the  tonnages  -ong  -orter^based 

ZotrJ^iT^sZTAl;  £?ZS&X%£  ££  ^  Z-  OT  Past  ^^. 

The   second  key   is   regulation  of   price   through  a  syste,  of  reserve   stocks  whi^will  -^cumulated 
when  prices   are  below   14   cents   and   released  when  prices   r-anbce/d0^ti9nC0^nte?estPloans    from  export   or 
a  reserve  supply   of   2.5  million  tons  held  by  ^P°^^S^^n^tT "currently   ISA  uses   the  London  daily 
import   fees   imposed  on  all   sugar   traded      on   the  world  free  ™^ket  y  ^   agrge   ^   l±mLt 

price   to   determine  when   quotas   are   to  be   imposed  or   stocks   released. 
Imports   from  countries  which  haven't   signed   the   agreement. 

Let's  be  honest.      Commodity  agreements  haven't   gf   the  best   "^/^i^^e"^  ^est 

rrilfinsurraTtire   ^dlcrepfabT/prS   Z   tL^tlfJ^  we've^   got    to  manage    the  world 

market  as  well. 

To  make  the  agreement  work-for  us  and  otbera-U.  l^^^^^^^T^l^^^ 
members  until  the  Senate  ratifies  the  agreement   Just         k  the  Execu  ^  g_  probably 

will^t  riST-SSSr™  ^L^W  -Agreement  and  stability  of  the  world 
sugar  market  hinges   on  our  ratification  of  the  ISA. 

gringing  foreign  prices  in  line  with  our  own  cap  only  ser»e  to  he.efit  sugar  producers  throughout 
the  world   It's  to  our  advantage  to  ratify  the  ISA  as  soon  as  possrble. 

The  Administration  is  also  proposing  legislation  "hich  would  ^^"^^^  "Sf  is 

?X™^T\-IZ  STSS5L52  .f™  £*££££  I  the  isa. 

t-,'Ho11u  t-tip  fareet  price  would  be  the 
Second,  it  sets  up  a  program  of  target  prices  for  »<£';  /"^ get would  he  adjusted  upward 
^r.rrroas^1  XStZZ   %   P^LT/or.  P^lor.  costsfe*cludi„g  land  values. 

W.  reco_end  estahlishing  a  domestic  marhet  price  oh ^«^  -^^Xorid  SS.'SlST" 

if  necessary  to  meet  the  domestic  market  price  objective. 

Finally,  we  are  suggesting  a  waiver  of  part  of  the  interest  and/or  the  principal,  if  necessary, 
to  encourage  repayment  of  outstanding  1977  and  1978  sugar  loans. 

We  believe  these  measures  will  prove  anti-inflationary   ^^.J^*^  ^  ^ 
than  a  slow  escalation  as  world  prices  rise  through  th*  *S£-C£S™"St£atl  0?fset  by  the  revenues  from 

^porTfe^^^^ 

This  program  would  be  low   in  cost  and  would  reinforce  the  goals  of  the  ISA,  consistent  with  our 
overall  policy  of  gradually  reducing  trade  restrictions. 
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A 


We   don't 
At   the 
a  very 


»»t  Tilling  Z"  TclZ£°l"l?clT„  Zf^TT^V—  d°°estle  <■«<« 

producers  .,    the   productIon  coets  f„    the   lMst  e£ficiMt  ^S^J^^^-^gJt^ll^ 

Society  of   Newspaper  Editors,    Pr esiolnt  C»S  sa"     »! "l    '™r      '"  A?'11-    >f*<»"°8   to   the  American* 
have  aiready  recorded,    that  „„„id  iead   Ct"^' ul^TH  Z^US^  "'^  """   ' 

P^ces^ld'atSct^dJti^l'do^rp^rtLTol  the  ""^h"5  °f  ™-'!'   «"  "tifici.Uy  hish 
analyses.  domestic  production  of  sugar  and  corn  sueetners  according  to  USDA 

fr„ctl8"r„€;yr„rifrthrPr~ea:fPI°g:rSi„li;tethe   ^"T"  C°^""°"  »"««  »°»"   f«*  from  high 

estimates  are  tLtVcs  nro£tLf.Xdo"n  e"^ thTnS  thr^SS  "to5":  a.f SU"°"f     °» 

sugar   industry.  iL    Lnree   years — to   the   detriment   of    the 

domestL^u^r^'p^rhap6:1^  lTlaZs\t  ll^Y  rF^™  "'    "  n0t  Mg8er   ^'    ^  P**«   ^ 
lobbyists   representing'^™  producers!  strongest  backers    for  higher  sugar  supports   are 

*e«Jl?l9r7ri\:ZTg^  of  400^1™  r.r^"    "   "^   2°   t0   3°   P™    in   1978   —   ship- 
exceeding  500  million  b.shels  £  the  e^lyT^l       Lit  T*?"'*  *"  ^V""  With  the  8rind 
fructose   corn  syrup.  Y  °St   °f   the   lncre*se   in   the   grind   is   going  into  high 

No  one   questions    that    these   are   verv   diffirnlt-    t-fn,o<=    *„,.   „ 
boosting  domestic   prices    further  o„t-   Tf        dl™ult    tx™es    for   su§ar  producers   and  processors.      But 
is  not   the   answer.  °f   pr°P°rtlon  wlth  »«"  Prices   and   the  prices   of  other  sweetners 

Su^XS^tiSr^'S^irStS  slabilSfo  r8ardPriCeS"in  C°nCSrt  With   the   *~i°nal 
our   foreign  neighbors   need  lasting  stability  our   producers,    our  processors,    our   consumers   and 
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SUGARCANE  WASTE  PRODUCTS  AND  CHICKEN  MANURE  AS 
SUPPLEMENTAL  FEED  FOR  CRAWFISH_/ 

James  W.  Avault,  Jr.,  Mike  J.  Giamalva  and  Ricardo  Hernandez 
Louisiana  Agricultural  Experiment  station 
Baton  Rouge,  Louisiana 

ABSTRACT 

The  objective  of  these  studies  was  to  determine  if  »g^^S^3Sr^fS?^S«^ 
manure!  and  various  combinations  are  suitable  as  ^T^J^^J^ia   replicated  ponds  with  the 
"clmbarus  clarkii  (Girard).   The  first  study  consls ^  f  fo^ &of  2Q00  kg/ha  each  tlne,  yielding  an 
'following  res^UsT  1.  Sugarcane  bagasse  was  applied  twice  at  a  kg/ha/day  yielding  an 

average  of  280  kg/ha  of  crawfish.   2.  Chicken  manure  was  applied  at  a  rat         8  ^  ^  kg/ha  gach 
average  of  438  kg/ha  of  crawfish.   3.  Sugarcane  bagasse     appliec t        ^  ^  ^  ^^  q£   crawfish 
time  plus  110  kg/ha  of  8-8-8  fertilizer  wa%aPp;4e*w^pi"ations  of  2000  kg/ha  of  sugarcane  bagasse  each, 
was  obtained.   4.  The  last  treatment  consisted  °f  J*?  8JJb  395  °  /ha  of  crawfish.  The  second  study  con- 
and  20  kg/ha/day  of  chicken  manure.   The  average  yield  was  395  kg/         ^       ation  gave  the  lowest 
sisted  of  four  treatments:   1.  Sugarcane  bagasse  at  a  rate  ot  *uuu  Sl  kg/ha/day  gave  the  highest 

average  yield  of  359  kg/ha  of  crawfish.   2  Chicken  "«™  J*  »  "J'.^eaJ'  flltJr   cake  at  40  kg/ha/day, 
average  of  yield  of  600  kg/ha.   3.  The  thrc  treatment  ^"J/^^  filter  cake  at  40  kg/ha/day 

^Thicken  =e  r2rkg;sTayprg°avrr .Mtf2 ««.  *-  -  -  **■ 


p 

INTRODUCTION 


come  from  agricultural  activities  (17). 

Among  the  «d-l  wastes,  livestock  _J .PJ^J— »  ^  J^^Tt^™".^" 


su 
fo 
disposed. 


•   t   lo^t,-  durine  1974  Produced  approximately  830,544  tons  (dry  weight)  of 
Poultry  operations  in  Louisiana  during  Lim   pruuu 

manure  (28).  _ 

t   ■  •    Hnrine  1976-1977  was  approximately  2,345,100  tons.  During  1968 
The  bagasse  production  in  Loulsiana  dur"ngl^  vS  of  which  was  used  as  fuel  and  30%  in  several 

^^s^iars  ™  s~  f  ?  r  baEasse  "sed  iS  fuel  inct"sed  to    " 

some  sugar  mills  due  to  the  higher  prices  of  fuel  oil  (9). 

i      •    n,a  1076-77  suearcane  season  was  approximately 
The  amount  of  filter  cake  produced  in  Louisiana  during  the  1976  77  sugarc 

257,961   tons.  . 

M  s.a„p  »«*  p^M^^ii  <f  "Surer;"  &f  iTSWu  >££:  <«. 

Louisiana  (19),  which  Is  considered  to  be  about   Dillon  kg  a  yea  1  J      df,ltl[  facto«  like  .as- 
sisted that  natural  production  varies  from  2  to  5  million  kg  P   y         cta„flsh  pond,  (7).  The 
^r^  ^5  SSr^lS  ST.  »-'-  estimated  at  ,,5  million  dollars 

,rnl  ,.w  farmers  have  over  ponds  and  the  production. 

The  success  of  crawfish  fanning  is  due  to  the  cont ^  t£J^E£   ^^      ^  factor  ±       hat 
The  farmer  can  harvest  his  crawfish  when  the  market  is  merest  ^  ^   The     fish 

when  natural  production  of  crawfish  f "™  ^^^f^f   In  1977  prices  for  crawfish  were  the 
farmer  with  his  constant  supply  gets  better  f  J™^^^.   During  this  year,  (1977)  ponds  produced 
highest  in  history,  with  $0.70  a  pound  in  the  New  Orleans  are^  ^  ^  ^  ^  Basin 

75%  and  the  Basin  25%  of  the  Louisiana  total  catch.   In  a  normal  yea  p 
60%  of  the  total  crop  (20). 

The  objective  of  this  study  was  to  determine  production  of  crawfish  as  J^**™^ 
sugarcane  bagasse,  chicken  manure,  sugarcane  bagasse  plus  8-8-8  fertilizer, 
chicken  manure  plus  sugarcane  filter  cake. 


iVesearch  supported  by  Louisiana  Agricultural  Experiment  Station  and  by  the  Office  .1  Sea  Oram,  »0M. 
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MATERIALS   AND  METHODS 

were   seeded  with   rye   grass'in  November   t     providl  SiSbl^S   r^  **   ^  m  ""'  ""*■      AU  ^ 

of    the   experiment.      None   contained   aquatic   plants   to   eS*nnf  S  L^8   crawfish  at    the  beginning 

of   the   study.      It  was   assumed    that    the  ponds   alreadv  had   T   ^\yield   of   crawfish  during   the   rest 

tsis  sis: id-  ™  <*,.  -' "  °*^^^^^  = 

There^^^^slrl^^^lSrpt^^Lrnr   ^liS^T^'    *"  3   ^^   »■*» 
a   total   of   4,000  kg/ha  of   sugarcane  bagasse   in   two   1^1        I  ■    trea^nt   insisted   of  ponds   receiving 
was  made   one  week  after   flooding   and    STiSd^SSJS^  ^atet^   ^      «»   ""'   ™ 

placedhinsSide0na  wo^Tb^T^I  of y^l^^"^20   1^  T  ^  °'   ***»  —    "   was 
of  a   screen  made  with   6.35  mm  wire  mesh  galvanized   hardware   PK-?   ^  ***   the  b°tt0m  insisted 
to   permit    the  dilution.      The   total  amount   Jl   \    hardware   cloth  which  was   in   contact  with   the  water 
was    2,940  kg/ha.  am0Unt   °f   chlcken  ma™re   received   by   these  ponds   through  the   study 


The   third   treatment   consisted 
l   t 

cation.  '  '- '     •'    ■-'-•-'    ^'LLLizer   at:    a    rate    of    110    i.  <> /M/appJ 


-  -  —  o«  Pi;s  srs^f jslss  0ts.i  *  —  i^^^-^jy -r- 


twxd^s.x^iss^o;' chdds  marekfnh:  °df  srrcane  basasse  -  -  -  «« - 

manure  received  by  these  ponds  was  2,940  kg/ha  ^  b°XeS'   The  t0tal  amount  °f  chicken 

upnght  Ssr^cSES:^  ^sr^s*:  pet  ha)rere  used;  — 

The  traps  were  baited  with  equal  amounts  of  gLIard  Inad  ^r  ^T"   -trances  around  the'base. 

hours.   This  type  of  trap  is  used  bv  crlJfil   f  shad  (Dorosoma  cepedianum)  and  set  for  8  to  24 

from  March  3  to  June  12,  1977      Y  CraWflSh  f™rs.   Crawfish  were  harvested  on  32  occasions 

From  the  flooding  of  the  ponds  until  the  last  harvest  the  study  lasted  150  days. 

in  ^^J^^ZSft  ZT0Tftr  Trllrt  ^   *P™^  °-"  "a  and  0.75  m 
replicates  (ponds)  were  used  per  treatment-   1   V    treatments  in  a  completely  random  design;  four 
2.  chicken  manure,  20  kg/ha/day"      g   Me  riltef  IT*   r^***'    4'°°°  kg/ha  in  0ne  application, 
cane  filter  cake,  40  kg/ha/da/dry  bSTX  SS^S.^"^,^^^  **  b"1'-  *'  ^ 

bagasSts^d'cLlln'tnfwater6   fS^I^S?'    T'      ^   "»   """*  "*  "-"~ 

sank  to  the  bottom.   Manure  in  the        f    /        ^  fb°Ut  3  Week;  after  that  time  the  bagasse 
In  the  third  treatment  manure"  and  sugarcane  f Xer  JE  J*"6?  V0*63  Slmllar  t0  the  first  ""*" 
side.   In  the  fourth  treatment  the  sugarcane  filter   t   "*"  P  T'  directly  in  the  P°*d  along  one 
Pond.  sugarcane  filter  cake  was  applied  directly  along  one  side  of  the 

appiica^s:  ssadTssirstss  fr0"izer'fand-rgarcane  mter  cake  »*-  <* 

specifically  Hickling  (13),yHuet  (15)!  and  Romaire  (23)!     fertllizati°*  and  supplemental  feed, 

trap  ^ona  Uol  ^Pel  ha")  f°  ST^'StS^  "  "1  V  *»  ^ d  —  —  one 

water  hardness,  and  water  temperature  we   spoi 11   ,J  ^ '  • In  ^  S6COnd  Stud^  dissolved  oxygen, 
Generally  water  was  of  good  quality  (22^  "  tlm6S  betWeen  15:0°  h".  and  16:30  hrs . 


RESULTS  AND  DISCUSSION 


inorganic  fertuL   "  !  -   rea £ "  with  fn  ^  °?  ^-fish  was  Stained  in  the  bagasse  and 

In  this  treatment  ponds  No.  land  T  dlvelooL  TT  1    f8^  0°8  t0  ™   kg/ha)  <Table  » • 

of  filamentous  floating  g^en  algae  ZeotS'.    T   "  ^ld  m°nthS  °f  February  and  March,  a  bloom 

genera  Rhopalodia  sp. ,  Fragilarif  so  ~  §     i  P'      !  ^^   algSa'  d^t0mS  Were  found  of  the 

these  two  Ponds  ,J 5'o2-^~d   ^ ^^^'^l^^^   -P-1   The  yield  0f  crawfis' 


This  hlSr^^ductL'rcouldt  dl^tTthe^nhan^ed^d^311  ^  ^^^^  WUh  bagaSSe  «*  ^28°  ^/ha). 
lizer  which  supplied  nitrogen  for  bacterial  de™  d^omposition  of  bagasse  by  addition  of  ferti- 
(27),  reported  that  as  a  result  of  increajine  theP°S   H'  i  ■  ^^  ^  P±llay  (]4)'  and  Snow  et  aL. 
the  C:N  ratio  of  organic  matter  if  S   RussellSnte^  5Lf  "^T   t"  "^i*1   ^^oaitlon, 
matter  to  be  suitable  for  animal  nutrition  has  to  rLnh      ()  "P°rted  that  detritus  or  particulate 

ucrition  has  to  reach  a  minimum  C:N  ratio  of  17:1.   Goyert  (11)  in 


1 
Organisms  identified  by  Barbara  Bryan,  M.S, 


u        oeo  affpr  a  Deriod  of  12  weeks  had  changed  its  C:N 

Srs.«U«  or  Protein O.B)  that  it  had  heforc  pd* 

Ponds 


Treatments 

Sugarcane  bagasse 
Chicken  manure 
Sugarcane  bagasse 
plus  8-8-8  fertilizer 
Sugarcane  bagasse 
plus  chicken  manure 


Kg/ha 


Ave.  yield     Ave.  yield   * 
kg/ha  kg /pond 


299.9 
402.6 

233.1 
264.2 

297.6 
563.6 

288.6 
521.6 

280 
438 

11.2 
17.5 

a 
a  b 

502.4 

308.4 

687.6 

335.7 

459 

18.4 

b 

332.8 

459.3 

295.4 

491.0 

395 

15.8 

a  b 

„aloes  M«  b,  the  sa.e  letter  are  act  significantly  different  ,t  0.05  leva!  according  to 

Duncan's  Multiple  Range  Test. 

The  second  highest  yield  was  from  the  *?^«*—?^£Z£   STIR^  ^ 
438  kg/ha.   This  yield  is  higher  than_  that  obtaxn^  with  i^rganic  ^  populations 

8-8-2  (26,  23).   This  higher  harvest  is  P™bab^  d"  Sicheave  to  the  crawfish  an  available 
obtained  in  the  ponds  fertilized  wxth  ch ^J^^^  Jh!TLLre  increased  the  plankton  popu- 
supply  of  food.   Hickling  13  and  Huet  (15  have  stat ed  ^   3)  ^  reported 

^oTsourcelf1  Sod°%raSawfishAirthe(plkJh;tL  associated  with  aquatic  plants,  and  that 
periphyton  is  composed  of  plankton  and  other  microorganisms. 

poultry  manure. 

The  lowest  yield  obtained,  with  sugarcane  bagasse  alone  ^^*«  ^^  ^ 
sugarcane  bagasse  to  decay  and  breakdown  on  the  bottom  of  the  ponds  du   g     P        ucts> 
study.   Goyert(ll).  testing  the  growth  of  crawf^^ft^^ow^  growth  rate.   He  reported  that 
found  that  crawfish  fed  with  sugarcane  ***""  ^"  ^  Gained  a  C:N  ration  of  38:1.   Russell- 
after  3  months  under  aquatic  conditions  sugarcane  bagasse  gained 
Hunter  (24)  stated  that  the  minimum  required  ratio  for  animal  nutrition 

yields  in  the  first  study  were  low  for  all  the  treatments  pojjibl, ^g^*^^^ 
in  flooding  of  the  ponds,  ^^^^t^S^lnfSS^S  and^ecember  (23).   Another 
^°iI^r=t^^P^SiaSt-^  any  aquatic  vegetation. 

In  the  second  study,  ponds  -^Jj^-^Ti^S  SS"SS  (J-S  ^^TlS 
In  this  study  chicken  manure  gave  the  highest  average  yx  probably  because  of  the 

higher  than  that  obtained  in  the  fxr st  study  for  the  same  treatment  p  y  ^  .^  y.eid 
earlier  flooding.  Pond  4  developed  a  heavy  outbreak  off  ^a^£  *  }  for  productions  of  560 
was  766  kg/ha.   These  values  are  bet-**  ^he  ja^  g  ven  by  LaCjwU^  Jg  study  did  not 

rav^a^a^txc^xantrSn  K^  E^S  this  treatment  appear  to  be  due  to  the 
fertilization  effect  of  chicken  manure. 

Table  2.   Crawfish  yield,  in  kilograms  of  four  treatments,  Ben  Hur  Farm,  L.S.U.  November^ 
1977  -  May,  1978. 


Ponds 


Treatments 


Ave.  yield 
kg /ha 


Ave.  yield 
kg/pond 


Sugarcane  bagasse 
Chicken  manure 
Sugar  cane  filter  cake 
Sugar  cane  filter  cake 
plus  chicken  manure 


503.5 
526.2 
460.4 

399.2 


356.1 
569.3 
326.6 

941.2 


251.7 
521.6 
292.6 

376.5 


324.3 
766.6 
401.4 

607.8 


359 

600 
370 

581 


14.4 
24.0 
14.8 

23.2 


.Values  follow  by  the  sa»e  letcer  are  not  significantly  different  at  0.05  level  according  to 

Duncan's  Multiple  Range  Test. 


this-  sss/STa^i^s^  zzvz:  o^e gs— vighest/verage  yieid  ^  ^  *"».  * 

941 -kg/ha  (Table  2).   Sickling  (13)  states  Sat  if  llaJTT*        ^  ""V^  t0tal  y±eld  °f  this  P°nd  was 
bloc,  of  unwanted  f  ilamentous^lgae  but  also  report   that  bubM  LZ  "  ^^  d°SeS'  th"e  ^  be  a 

are  trapped  in  the  dense  algal  mat  which  maintain   r     ™  5- t-  f ""  °Xygen  Produ"d  during  the  day 

states  that  large  numbers  of  ducks  ovJr  fertilize  TnlT      °°  ^  ^^   ^  dark  periods-   LaCaze  C19) 

causes  low  dissolved  oxygen  levels  resulting  in  s„??nP  %■    T"  ^^  8r°Wth  °f  C°ld  Water  al8ae  -hich 
that  young  crawfish  may  die  if  dissolved  well  T    young  crawfish.  Avault  et  al.  (3)  reported 

March  10th,  1978,  had  a  D.  0.  level  of  9  TlttVt %lt         f  ^   /?1±Cate   2>   which  was  9™   covered  on 

and  -aaure  are  used   to  l„crM«"^ ^ta.  *  *  Oi>e™tlo"s   *»  "*«h  ■  "«»«  of  plant  „teri,l 

at  **  d.  la  Br«oL   ^l^ZTZtZ  tt££?££J™'££?  ^  "  ~  ^ 


CONCLUSIONS 


fore,Ithe°ma\:rtiairaddP:dnterCrno1nstpl™tal  ^  ""f  ^  *»  ^  f°™  °f  ^^  vegetation.  There 
duction  in  both  studies  1^1^  ^^st  Ul  seems^estV^  '?  ^  f°°dS  available"  Overall,  pro- 
vegetation  in  ponds.      With   this  1J?  !  P        '   °r   t0   encoura§e   8r°^h  of  aquatic 
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SILAGE  MADE  FROM  SUGARCANE  BAGASSE  TREATED  WITH  SODIUM  HYDROXIDE 
Henry  J.  Andreis  and  Ronald  P.  DeStefano 
First  Assistant  and  Chief  Chemist 
Research  Department 
United  States  Sugar  Corporation 


ABSTRACT 


This   report   details    the   production   of   a  palatable  bagasse-based   silage  of  a  good  keeping   quality. 

up   toI;5aibfse;dayrof1th:rsrJieageOUt   ZZllT tTlZK^T™   "*  ^^  ««*"»«.    -eers   consumed 
hydroxide   treated  bagasse  silage  was  Zle  Palatable  %      §!  T^  fl(m  untreated  ba8^se,    the  sodium 

factor,    and   reduced   consumption  ofLLsses'  and  mKeral"  ^^  8alnS'    ^   &   ^   feed   inversion 


INTRODUCTION 


found  to"  S     f  Lmb      'of  uLs   in     h        u  ar      ^7     ^   CrUShing  "*  mminS  °f   SUg—>    bas  *een 
use   is   as   fuel   for   sugar  mill  balers      Z'iT^  ?"   °f   ^  WVld'      Probably   the  most   i-Portit 
of   particle  board,    paper,    furfural     and   anima!    ff H**      ^V^-T   aS   &   raW  material   for   the  manufacture 
as   a  roughage   supplLLt   fortS^tSEJ  cLl   y     aL^cat   JIT   llf  PHUetS   "V"-*   ^ 

large   scale   use   of   bagasse   to   improve   the   economics   of  hLf   nil  ,      '  •      ^      However,    the   potential   for 

Our   studies   center  on   the   development   of \  hZZ       k        5      *  Production  has  not   yet  been   realized, 

palatable   to   cattle   and     r  ?  d      u  t  "   "        "^   °'   8°°d  ke6plng  qUality  which   is 

silage   contains   urea  as   a   source   Tf   adef  ^  °f   galn-      In  addition   to  bagasse   and  molasses,    this 

digestibility  °f   CrUdS   Pr°teln   and   Sodium  hydroxide    (NaOH)    to   increase  bagasse 

feeds^teTbal/to1  Ss^uf ^^Sln^^lT?  ?**'    T   ^T   ^   d^^±lity  of   roughage 
acts   on   the   lignocellulose   fraction  or  f  J7   Tark0W  and  Feist    (16)    that   sodium  hydroxide     - 

water  and   greater   penetration  b!     1  n  fiber     causing   increased   swelling  of    treated  materials   in 

dilute   solution  of  "Z ^  urnydroxide'asiin'rthrr1"3;   rf^  ^^    treated   r°UghageS  b*   SoakinS   in  a 
material    (6,    3      15)        When  w™  E   *he    treated   residue  with  water  and   finally  drying   the 

digestibility  was   similarly   increased  from  32  to   51%  ^  ^   "°   ^      ^  °VeraU  dry  matter 

soluble^tr^L3^?^"0^6^^:   ste6:    -fllf  ^  Y^   °* ^  ^^   ^^   °f  ^^   alkali" 
the  whole   procedure   i     very   tlme-consumine        ! Y°        ^    "P6"3"7   f°r  a  rou8ha8e   type   feed.      Finally, 
and   later  by  Donefer    (5)    invokes  1L   An^°jf   procedure   investigated  by  Wilson  and  Pigden   (17) 

washing  and  drying.      Increased Intakes   L  ^  hydroxlde   as   a  concentrated   solution  and   omitting 

fed   rice   straw    (7),    corn   cobs    (13        corn  b    Tl  r ^^   d*ily   galn  h^&  hem  reP°ted   for  anima^ 

),    corn   cobs    (13),    corn  husklage    (9),    or  bagasse   silage    (2)    treated  by   this  method. 

would'oThllpluf  ^rmakinglSsrarSon1^    '?   ^7^"   »d  ^^   a  ««-   °f   inexpensive   storage 
data  presented   in   this  paper  fndicate  f  *!*'    ? V?C±&lly   ±n   su§ar—  producing  areas.      The 

paper   indicate   the   aforementioned   objectives   can  be   accomplished. 


PROCEDURE 


special^ULlr^  ^-ated  and  ensiled  for  a  feeding  trial, 

PA)  having  a  capacity  of  268  cubic  flit  T   I        horizontal  batch  mixer  (Sprout-Waldron,  Muncy, 

to  handle8bagasse,  and  wa fpo^ed  by  I  lo  hT  f  00  RPM  Tl   ^^   *  ^^  ^^   ^^ 

pu   erea  Dy  a  W   n.p.,  1,800  RPM  electric  motor  with  a  reduced  drive  of  16  RPM. 

NaOH  SY™  ^rtsY)    iftnTmixS  ^tZ^   ""   ^  *   ^^  «d   ^^   ^^  ^   ™ 

obtain  maximum  coverage   After  a  2 )'i It  T   *PP  &t   "  *   d±lut&d   f°rm  (approximately  5%  NaOH)  to 

taining  urea  was  applfed  similarly  in^fLIent  Z^^'    blackstraP  molass"  (22%  moisture)  con- 
(60%).   Molasses  anS  urea  were  applied  at   rates  of  ^""jVS"  ^  ^^  **  deSirSd  final  m°iSture 
the  molasses  was  being  mixed  with  tit   hf       u  ,        °'8%  W6t  Weight  basis'  respectively.   While 

co^oi  ,ila8e  MS  ^rsi^r^s:-;^^™™3^:^ a  rate  ot  i2z  -  -eisht  basis- 

fe«  LST»  KKj  siL'p8«r(LtnS>larK plastlc  bags  (8/ect  in  d""«"  a°d  40 » « 

xopress  (Model  4Q1).   Storage  capacity  of  the  plastic  bags  (with  normal 
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packing)  was  approximately  0.9  ton  per  lineai :  foot   A  total  f^bags^of^ilage ^J^^J^ 
SSiS^"^8^^  5TSSr"SX  the  desired  quanitity  o*  silage. 

Both  tne  NaOH  treated  and  control  mixture, ;  were  fermented  4-6  w ^^^^P^inf  fit! 
feeding  trial.   Before  feeding  all  "^^^^ter^t  fiber,  neutral  detergent  fiber  and  72% 
fiber,  NFE,  and  PH  by  AOAC  methods! .    Data  °n  acJ^df  «*^JC  ^^  digestibility  (8).   Crossbred 
sulfuric  acid  lignin  were  obtained  and  used  to  «tl.te  «*»  c      wer£Sfed  for  182  days.  Animals 
Charolais  type  steers  averaging  575  pounds  at  the  star         received  free  choice  silage  containing 
were  divided  into  four  groups  as  follows:   group  1  "6  steers;  cholce  silage  containing 

12%  corn  plus  cracked  corn  (20%  average  ,  group  2   36  steers   rece  siiage  containing 

12%  corn  plus  cracked  corn  (14%  average)   group  3  (36  steers)  «  corn  ^  raade  £rom  bagasse 

12%  corn,  and  group  4  (6  steers)  recexved  f re% ^ce  ^lag^  c    in  groUp  4,  six  animals   similar  in 
not  treated  with  NaOH.   ^r  direct  comparxson  to  be  -  anxmals^g^^P^  ^  ^   (1.5  lb. 

SrdI"6  xfercboicriraSefanrfrercboice  minerals.   Animals  were  individually  wexgbed  every  28 
days  with  the  exception  of  the  last  period  (14  days). 


RESULTS  AND  DISCUSSION 

i  „„-M  fronts  oreceded  by  rain  caused  the  pens  to  become  quite 
During  the  feeding  trial,  several  cold/™^s  prided  by    conditions  caused  a  temporary 
boggy  and  put  the  animals  under  stress.   The  poor  pen  and  wear  no  lastlng  detri- 

reduction  in  feed  consumption,  and  a  few  animals  ^^JJ^^Sd  bagasse  quite  readily  and 
mental  effects.  The  animals  accepted  the  sxlage  made  wxth  NaOH  treat  g  ^  un(;reated 
within  3  weeks  were  consuming  over  25  pounds  per  day.  Th -animals  fed     g  ^  ±n_ 

bagasse  accepted  the  feed  but  consumed  ^^f^^*^™^    /and  2,  silage  consumption  was 
creasing  quantities  of  cracked  corn  were  added  to  rations  ted  gr  p  ^.^  ^  mly 

reduced.   Silage  consumption  increased  to  over  45  *^ £T £2*   °^  anfmal^  fed  untreated  silage 

Average  daily  gain  was  quite  low  for  all  groups  of  animals  ^^^£^^3^ 
fed  untreated  silage  with  no  additional  corn  to  1.7 /^f*.^   made  £rom  treated  bagasse  without 
average  of  14%  cracked  corn  added  (Table  1).  J^^^f^flmpravement  in  daily  gain  for  animals 
additional  corn  gained  1.56  pounds  per  day.   The  »»"J^^J  undigested  corn.   Possibly  the  large 
fed  the  additional  corn  appeared  to  be  caused  by  the  P*gage  "  idly  for  proper 

volume  of  roughage  the  animals  ate  moved  the  co™  ^rough  ^^Si  group)  gained  significantly  less 
digestion.  Animals  fed  silage  made  from  untreat ed  bagasse  Control  gro  p,  g  consumed  22%  less  siiage, 
per  day  than  animals  fed  silage  made  wxth  treated  bagasse   The  control  g   P  ^  ^ 

168%  more  molasses,  and  87%  more  mineral  ^/w^e  was  ^palatable  than  the  control  silage  as 

it  with  a  great  deal  of  zest. 


Table  1.   Feeding  Trial  Performance  Data  for  Charolais  Type  Steers 
Based  Rations . 


Fed  Four  Different  Bagasse  Silage- 


Group 


Item 


1 


.) 


Average  Initial  Wt.  (lb 

Average  Final  Wt.  (lb.) 

No.  Days  on  Feed 

Average  Wt.  Gained  (lb.) 

Average  Daily  Gain  (lb.) 
Silage  Consumed/Hd./Day  (lb.) 
Corn  in  Silage  Consumed/Hd./Day  (lb.) 
Added  Com  Consumed/Hd./Day  (lb.) 
Total  Corn  Consumed/Hd./Day  (lb.) 
CSM  Consumed/Hd./Day  (lb.) 
Molasses  Consumed/Hd./Day  (lb.) 
Mineral  Consumed/Hd./Day  (lb.) 
Total  Feed  Consumed/Hd./Day  (lb.) 
Feed  Conversion  (Dry  Matter  Basis) 
Dressing  % 


575 
890 
182 
315 

1.73  a(l) 
27.0 
3.2 
7.4 
10.6 
1.49 
1.85 
0.20 
37.74 
11.61 


575 
900 
182 
325 
1.79 
28.8 
3.5 
5.4 
8.9 
1.49 
1.97 
0.22 
37.66 
10.68 
60.6 


575 
858 
182 
283 

1.56  a 
40.8 
4.9 

4.9 
1.49 
1.91 
0.286 
44.20 
12.29 
58.5 


60.2 

(ITM^aie-Tain  per  day-figT^-folI^^ 
other  at  the  .05  level. 


572 
739 

174 

167 

.96  b 

31.8 

3.8 

3.8 

1.39 

5.12 

0.536 

38.31 

18.74 

57.1 


from  each 
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Feed  analyses  (Table  2)  show  that  protein  fiber  NFE  fa*-  mj  u 
silages.   Ash  is  considerably  higher  for  the  treated  siSee  It  7    -?     *"  ^^   f°r  treated  and  control 
While  the  fiber  content  may  not  have  changed  due  to  NaOH  fref tl  J  "—podium  from  the  added  NaOH. 
did  change  (e.g.,  lignocellulose  bond  breakage  (ll).     £e   SEEJ'mSS"-  T  °'   ^  "*"  m°St  1±kel? 
silage  may  be  due  to  contamination  from  urea  added  to  th*  til?       *       u      I   "^   Prote±n  in  the  control 
organic  matter  digestibility  (OMD)  was  approximately  3  77  McwY    i  *   m°laSSeS-   Chemically  determined 
bagasse.   Treating  bagasse  with  5%  NaOH  (drvhZltll  I  ?  ? J"   Sllage  made  wlth  Na0H  treated 

52.9%  (unpublished  data).   However   improvement  If   O^^l   ""  *"*   Sh0Wn  t0  lnCreaSe  0MD  from  38.8  to 
of  highly  digestible  molasses  and  corn  ^  ba§aSSe  ±S  largelv  masked  due  to  the  addition 


Table  2.  Proximate  JAnal3geg_ojLBs8agge_silage8  Containing  12  P.^.n^^ 

.(1) 


%  Protein 
%  Ash 
%  Fat 
%  Fiber 

%  NFE 
%  OMD 
PH 


Treated  Silage 

As  Rec'd  Dry  Basis 


5.06 

5.14 

.56 

8.15 

22.01 

4.26 


(1)  Silage  made  with  NaOH  treated  bagasse, 

(2)  Silage  made  with  untreated  bagasse. 


12.66 
12.86 
1.39 
20.38 
55.04 
64.14 


As  Rec'd 


5.59 

2.68 

.66 

8.14 

22.61 

3.70 


Control  Silage 


(2) 


Dry  Basis 

13.97 
6.69 
1.64 

20.63 

56.52 

60.42 


-re  d^esttib1ee^sS\1:fd\^d^aT:tL\r\o^1o1:  Sc^T'T^  *"**"*   <—Ptio„,  but  was  also 
to  18.74  for  the  control).   As  might  be  expected  JlZll     f°Vfal  dr?  ™tter  consumed  (12.29  compared 
higher  dressing  percentages  (Table  1)    Dressi^'oe™^   reCelV^8  the  additional  corn  in  the  ration  had 
steers  not  receiving  additional  corn  traded  til/  a        T^  ™S   l0W6St  (57"7)  for  the  control  steers.   All 
corn  had  3  standard!  and  3  goods   a^d  the  trT  '    •  °  onf^'  the  gr°Up  receiving  14%  additional 

It  is  likely  that  considerably  more  stee^s^oXw™8  l°l   add\tional  co™  had  5  standards  and  1  choice, 
continued  for  an  additional  30-6?  day    It  should  be  T     r  *  ^"  ^^   had  the  feedlng  trlal 

low  level  of  corn  for  fattening  steers' ( 28  if  S  «   n  no   Tl   ^  a11  rati°nS  contained  a  relatively 
4,  respectively).  Analyses  conduced  on  Uver  kidnev  an2  m"  \  I'    '%  f°r.rations  fed  ^oups,  1,  2,  3,  and 
increase  in  sodium  due  to  NaOH  treatment  Sable  V M   f    u  "^  lndicated  verV  little  if  any 

lowest  sodium  content  of  the  three  types  of  tit  I'        T     !'  tl)e%.tlssue  of  P™ry  interest,  had  the 
to  the  NaOH  treatment.  YP      tlSSU6  analvzed  and  had  no  significant  increase  in  sodium  due 


Table  3.  Tissue  Sodium(1) 


.(2) 


Control  Silage  (no  NaOH) 
Silage  (NaOH  treated) 
Silage  (NaOH  treated)  +  14%  Corn 
Silage  (NaOH  treated)  +  20%  Corn 


Milligrams  per  100  Grams' 
Mver Muscle Kidney 


70.5  a 

76.0  a 
70.7  a 

73.1  a 


^^^^^ 


42.3  a 
48.1   a 

43.4  a 
43.7  a 


146.6  a 

167.3  b 
170.9  b 

172.4  b 


Silage  made  from  bagasse  treated  wi  rti  S7  u,ro j   ,_ 

from  untreated  bagasse;  it  was  ™re  palatable    V  A   dry  basis  was  significantly  superior  to  silage  made 
molasses  and  mineral  and  had  a  Wr  conversion  factor \l       t"  da±1\*a™>    reduced  consumption  of  both 
compatible  with  the  silage  Ci.-e   high  moisture  rZT     ^\  C°ntT01   S±lagB-      Howev"'  additional  corn 

higher  dressing  percentages  and  higher  carcass  graded   I     5?  "^J**  t0  0btain  adeqUate  dailv  galns> 
and  results  at  this  time  are  encouSgLg!  W°rk  in  th±8  area  is  Presently  in  progress 
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THE  COMPARATIVE  REPRODUCTIVE  CAPACITY  OF  SEVERAL  BROADLEAF 
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ABSTRACT 

determination  of   seed  per  plant        The   J/  ,      ?&  different   locations  were  used   in  making    the 

little  variation   ITt.TLllTof   seeVproauc^  TlM   JtfSf.    "   "*  "*"   "*   "*"  ~  ^ 

fasiculatum) ,    A   -   craJrass    (lleittil  T  f   f  reproduction:      3   -   Browntop  panicum   (Panicum 

a^uTl^aT  in   seed   productifn^^^  ^"inalxs    ,    5  -  wild   lettuce    (2   species   used   and  both  were 

ESSE.?:  ir  SsSSSSS^S^rrjisssr 


INTRODUCTION 


u^^,  ^u-zzsu-zssrztz  ^.r^  s&.r£\s  ir-sir4 
=  certal„  g„up  of  plants  £z  s  ^.^  sssSri^sr*1  ™ed  co°tr<>i  ""-iai » kui 

cide  wher/iS^lghtTcur"^^-   the86  P^"ts.had  b"" *  "*"""'   "  the  2,4-D  or  any  other  h.rbi- 
and   continued   to   producrL.ds'e.ri.cre:::   ZtAl^    tr"e  beCa"Se    *"  Pla"tS  ""  """  -""PtlU. 

in   the""  ofTerhiS   'h   ""^  1°    ""  ^arcane  fleld=    ">"   had  never  been  observed  until    the   shift 

pared'wLrjome'ol— SadSi;afWpLntrySAabUndaM    ^/^   f°ll0Wing   *  8°°d   C°ntro1   S^*>  when   com- 
in   the   soil    (Tables   1   and   2)  Apparently   this  was   because   of    the   tremendous  buildup   of   seed 

resisSn^fSe   of'tiT  f  ^roWnt°P /f  ic™  Poses  more  difficult   problems  because   it   is  highly 
it   i     high  y      e"is   L        oli^ar   Jt11?  general  weed   and   grass   control   in   the   sugarcane  belt!     While 

are  suggested   for   the   control  of        o   %        *   SUSCep\lble   t0   Fenac-      Combinations   of    these   two  chemicals 
B8  °r   the   control  of  browntop. panicum  where   it   is  known   to   occur. 
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SUMMARY 


,nfo  that   are  common  in  the  Louisiana  sugarcane  growing  area.   The 
the  top  and  itchgrass  at  the  bottom. 

for  two  years  and  the  mean  average  is  shown  for  each  or  tne     V 

»ery  little  variation  occurs  fro.  tne  n„„ber  of  seed  produced  In  the  two-year  period  on  different 
plantations. 

/       a\    in  1076-1977  on  five  different  plantations  in  the 
The  number  of  seed  produced  from  one  plant  (one  seed)  »  1976 
sugarcane  belt.   Five  plants  used  for  each  plantation. 

Table  1.   Amaranthus  retroflexus  (pigweed). 

~~ ',  •  Nnmher  Number 

PU.^ern  needs'  «**~ 

or                  Per 
limbs  . head • 


1 
2 
3 
4 
5 
Mean  average 


3840 
3622 
2721 
3913 
3102 
3440 


21 
23 
26 
22 
21 
23 


Number 

Number 

seed 

seed 

per 

from 

spikelet 

one  plant 

35 

2,822,400 

31 

2,582,486 

37 

2,617,602 

31 

2,668,666 

23 

1,498,266 

31 

2,437,884 

Table  2. 

Plantation 
number 


Amaranthus  spinosa  (spiny  pigweed). 

Number  Number 

heads 

or 
1  imb  s     


1 
2 
3 
4 
5 
Mean  average 


2880 
2654 
3401 
3008 
2703 
2929 


spikelets 

per 

head 


30 
26 
27 
25 
29 
27 


Number 
seed 
per 
spikelet 


24 
28 
32 
27 
27 
28 


Number 

seed 

from 

one  plant 


2,073,600 
1,932,112 
2,938,464 
2,030,400 
2,116,449 
2,218,205 


Table  3.   Panicum  sp .  (Browntop  panicum) 


Plantation 
number 


1 
2 
3 
4 
5 
Mean  average 


Number 
heads 

or 
limbs 


51 
53 
60 
37 
52 
51 


Number 
spikelets 
per 
head 

30 
20 
19 
24 
26 
24 


Number 
seed 
per 
spikelet 

46 
54 
53 
47 
46 
49 


Number 

seed 

from 

one  plant 

70,380 
57,240 
60,420 
41,736 
62,192 
61,606 


Table  4.      Digitaria   sanguinalis    (Crabgrass) 


Plantation 
number 


1 
2 
3 
4 
5 
Mean  average 


Number 
heads 

or 
limbs 


55 
60 
52 
67 
51 
57 


Number 
spikelets 
per 
head 


Number 
seed 
per 
spikelet 


137 
107 
158 
98 
103 
121 


Number 
seed 
from 
one_ plant 

60,280 
57,780 
65,728 
52,528 
36,771 
54,617 
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Table  5.   Wild  lettuce  (2  ggecles  about  the  same)  (Lactuca_spQ 
Plantation  Number 


number 


1 
2 
3 
4 
5 
Mean  average 


heads 

or 
limbs 


Number 

spikelets 

per 

head 


45 
48 
47 
50 
51 
48 


70 
67 
72 
70 
75 
71 


Table  6.   Goosegrass  (Eleusine  indica) 

Plantation  Number 

number  heads 

or 
1  imb  s 


Number 

spikelets 

per 

head 


Mean 


1 
2 
3 
4 
5 
average 


24 
28 
26 
32 
37 
29 


Iable  7- — Aster  (2   species  about  the  samel , 
Plantation  Number 

number  head.£ 


as 
or 
limbs 


Number 

spikelets 

per 

head 


Mean  average 


45 
39 
38 
47 
36 
41 


Table  8,. Johnsonerass  (Sorghum  halepense) 

Plantflon  Number  '    Number 

nUmber  heads  spikelets 

or  per 
llmbs   head 


1 
2 
3 
4 
5 
Mean  average 


18 

19 

9 

11 

li 

14 


18 
45 
32 
26 
47 
34 


Table  9. 


Plantation 
number 


1 
2 
3 
4 
5 
Mean  average 


Signalgrass  (Brachiaria  p1 atyphvlla) . 


Number 
heads 

or 
limbs 

26 

24 

22 

26 

25 

25 


Number 

spikelets 

per 

head 

3 

4 

3 

5 

4_ 

4 


Table  10.   Itch  (Raoul)  grass  (Rottboellia  gxaltata) 
Ration  Number      "        Number 

nUmber  heads  spikelets 

or  per 
limbs   head 


Mean 


1 
2 
3 
4 
5 
average 


8 

9 

T 


Number 

seed 

per 

spikelet 


Number 

seed 

per 

spikelet 


167 

134 
143 
169 
157 
154 


Number 

seed 

per 

spikelet 


52 
57 
50 
61 
30 
50 


Number 

seed 

per 

spikelet 


25 
17 
24 
32 

li 

23 


Number 

seed 

per 

spikelet 


17 
17 
18 
22 
22 
19 


Number 

seed 

per 

spikelet 


18 
24 
23 
20 
21 


Number 

seed 

from 

one  plant 

25,200 
25,728 
30,456 
28,000 
48,600 
31,596 


Number 

seed 

from 

one  plant 

20,040 
15,008 
18,590 
32,448 
40,663 
25,350 


Number 

seed 

from 
one  plant 
23,400 
22,230 
19,000 
28,670 
10,800 
20,820 


Number 

seed 

from 

one  plant 

8,100 
14,530 

6,912 

9,152 
10,528 

9,844 


Number 

seed 

from 

one  plant 


1,326 
1,632 
1,188 
2,860 
2,200 
1,841 
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EXPERIENCES  WITH  STANDOVER  CANE  DURING  THE  1977-78  SEASON 
OF  THE  RIO  GRANDE  VALLEY  SUGAR  GROWERS 

Norman  Rozeff 

Rio  Grande  Valley  Sugar  Growers,  Inc. 

Santa  Rosa,  Texas 

ABSTRACT 

ornf   r    600  acres   of    sugarcane,    normally  harvested   at   one   year 
._  events  leading  to   the   standing  over  of   5,600  acres  or        g  condition  at  harvest   and 

of   age,    are   -viewed        Cultural   ^J^^^SSSZ   ^handling   future   crops   facing   a  similar 
rituarionatrr?97e!77Cc1rtor:raerLreived   from   this   experience.    ■ 

INTRODUCTION 

„   u    1/   1Q76   there  was  little  to  indicate  that  this  would  turn  out 
When  harvesting  commenced  on  October  14,  l»/o,  z  he  Rio  Grande  Valley  Sugar  Growers, 

to  be  the  most  challenging  campaign  yet  ^  the  sh °«  history  ot  ^  ^  ^   unrec<Jgnl  d  harb,nger 

s  07"  of  rain  had  fallen  in  the  month  and  a  half  before  startup        y  gix     period 

i°i.«".  follow.   On  October  24,  valley-wide  rains  comm  n  -MJU  ^  ^  ^^  g 
so  saturated  the  fields  that  harvesters  were  not  ab   t  «,      p   ^  transport  only  in  the  better  drained 
field  moisture  conditions  were  marginal.   We  were  able  to  c  ,  ^     ^  remainder  Df  the 

sS.1iti1i4,;.50?£r£r."^ls.ssrsrSi.  -°"  « —  «*  -«*,  o- *  P»  «**■ 

ation  by  .85". 

^  ■     nf  the  Valley  fields.   This  proceeded  tit- 
On  December  7,  an  effort  was  made  to  harvest  £  *£  J™^   ^g"  shut  us  down  again.   By  this 
fully  until  the  13th  when  daily  showers  over  a  15  day  period  tota   g^  ^^  ^   ffletabolism>  growth  and 

s^=.5ssr«rsreS;  isr^  :^  t0  reduce  son  .*.„. 

V   fell   This  encouraged  another  startup  on  the  10th.   Grinding  lasted  all 
Through  January  9,  a  mere  .3   fell.   This  encourag  ^  remainder  of  January  and 

of  1  1/2  days  when  showers  on  the  11th  stopped  us  again.   l.«w 
1.31"  through  the  first  13  days  of  February. 

u   f-,-Qiric  aofl1n   This  time  the  rains  moved  elsewhere. 
Only  by  February  23  were  we  able  to  venture  into  the  fields  ^in  ^  ^  ^  fomidable 

With  warme/weather  and  only  2.36"  of  rain  total  through  June  10,  we^wer^  ^  ^  ^  ^  ^  ^ 

S^VSoTSSS  -  to'S  decision  to  .op  grinding  on  the  15th. 

A  total  of  2,615  hours  or  109  fys  had  -en  lost  ^.^^-^£2  ^  ^2"^ 
than  scheduled.   27,055  acres  with   074  837  ton  ha  been  har  e  ^   ^  ^  ^^  at  &n<   ^ 
abandoned  due  to  inability  to  harvest,  finally  5,5//^  had  nQ  precedent. 

latter  presented  us  with  a  unique  situation,  a  situation  tor 

would  have  been  horrendous. 

occurred. 

1   *  j  f„t-  thpir  ability  to  put  on  fast  growth  and  reach 
Cane  varieties  grown  in  the  valley  are  selected  J"^6"^1^^^  over  approximately  5,600 

S^^T^SJ-tS  cane  rotgr^rpLrodtf^  to  27  months. 

sr  cane  were  asked  to  keep  this  cane  alive,  but  with  minima  1  care.   ^bj^ct-. 


Growers  with  standover  cane  were  asked  to  keep  tnia  ca        ,  ^^  ^   th±ngs    tQ  many     le. 

to  keep  subsequent  cane  tonnages  to  a  harvestable  level.   ^         To  others  it  meant  only  something 
To  some,  it  meant  no  irrigation,  no  borer  control,  no  fertili  ^  ^  ^  ^^  that     one  to 

ss'S^r.aT.s.rss1.  sr  s^rsssiS-^ii.  ^  „ « *». ~«  co„«o1  ,«».. 

experienced. 
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Gulf   X^^J£«£™£   VTmCV      The   eaSte-   tWrd   °f   *«   «"*  rarest    t0    the 
in   the   eastern   third,    damage  Jas   £»•%?«  -^T^^^^^T  ^   ^  **' 

tms  SjSSiS  2\:£S  bSlTtlCiS^  c'2Ti£J.'Sr,otf  8-and  the  ™on  -  lala- 

or  four  lalas  with  millable  cane  averaging  18"  each  in  length?  '  "  many  CaS6S'  Produced  three 

Unfortunately,  the  low  price  of  sugar  in  1976  and  1977  enr     a 

especially  late  in  the  season.   Borer  infestations  were  often  StiTLST™  '°  '?*   "  b0rer  C°ntro1' 

spring,  overwintering  borer  population  escalated  in  the  Jafa  tops     lnCldence  ln  the  cane  tops.   Come 

that   w^uTc^rTlTcant  ^iS'StSSTtf.^   * '"  ^   **   ^^      *~    *  -   «**- 

Azodrin  was  recommended  as  a  strong  ^IdT  for  the  hShoon^ "?"  SCheduled  for  a  •*"*  1  or  later  harvest. 

Where  cane  tonnage  was  already  heavy  at  the  end  of  thP  107*  77  J   , 

growth,  the  first  year  cane  growth  lodged  nearly  lSo>   Sis  llt^  *?  **"*    UlaS  had  considerable 

light  and  also  physiologically  stimulated  a. second  sLof  s'ckef  ^th^T      ^  °f  the  St°01  t0  SUn" 
occurred  in  the  spring  and  in  others   in  thP  „m™„   !   sucker  growth.   In  some  instances,  the  lodging 
With  an  established  and  eXtensive  root  system ^  sta^d*  "^""J"  len§th  varied  from  field  to  field, 
year  crop  of  suckers  nearly  equal  in  tonlage^o  ttrst  year  cane   Thlsf*  Y***   ^  Pr0dUCed  a  S6C0nd 
exhibited  exceptionally  large  stalk  diameters  and  internodal  SngtS?        "'  6SpeCially  those  of  NC°  310, 

seconder  2^^^^"^^^^^^  *£-*  be  covered  with  leaf  trash  from  the 
enough  top  growth  as  it  suffered  from  shading  and  pnvsica  Tnuntl      *\    T   ?"*  ye"   Cane  COuld  not  sustain 
first  year  cane  started  to  die  back  from  the  tons  ""nidation  by  leafy  trash.   As  a  result,  the 

locate  additional  sugar.   In  cases  where  varietat or  growth  condiT'    ^  T"  Unabl6  t0  build  and  tra— 
suckers,  the  lalas  of  lodged  cane  turned  upward  lZ   ST^SfS^SS  Sgth^f *££*<£!*  ** 

and  f^^i^irsLj^^^p^isj- low  to  modrte  sugar  ieveis  -  b°-  «*« 

growth   began   to   exhibit   pithiness,    tissue     hrin'kag   '  and  sour L      X        *  ^   ^i"8   the   firSt   *e«   °f 
not    improve   as   the   season  progressed.  souring.      They  were   on   the   decline  phase  and  would 

role   r:vera?rS;eWSi8;?erally   *  "^    *   *»   Va^'   -   ^ d    to  be  higher   but   still   played   a  minor 

NCo   3S:reiteerxehIbiteedtaa   grSeTd^rL'ol   l^lllTZT ^^      "   ^1W   *—   —   *"*   d^    *- 

growers   did    less  with   it   ?han   the   other  varieties  ^108   ^      With   l6SS   P^ntial    for   tonnage, 

l976-7?cane  ^J^Z^ ^™^^ ^ /^  ^      *   ^'^    *»   *"    ^ 

the   end   of   the   season.  P  P   rity   ln  mld~APr^   and  was   able    to   sustain   this   level    through 

18  mon^  X^S?*""™    ^   ^   31°  "*"   ""•*»   Cl±™^   ^   *   — 1   physiological   maturity  around 

second^efrlrowth"   Sinlf  S  -^^.f ^^   T*  IT  f^'      <*   61"37  ™    ^ermediate    in 
cane  gave    it    the   best   Juices   of   .taS^S  S^Sl^^tlbeT^8   PlUS  "****  «   "*"   »~ 


Table    1. 


—   iaioggtlgLig^h.  M1or  varieties  harvested  durin.   the   1977-78  ....n,, 

Variety               Stat,,.                   Acrea„               .,,„               K°"al   J"'" »«               X  YieldT 

^"^ T^aT TTfj^h H% Trk E^ia TC4 Trash  Cane 

OPe  -37            carter                 34,2„             M|»             »■«             ~;~            ».i             ».„  ,.3,  ,33    ■ 

CP32:68            Car^r             "Si*             l^JJ             »;|>{             -J-JJ             £•             JJ^  ,37  ,.« 

c"t;s;  jj-er    js:s   as   --   »:3   ii-t   ,.:-  ^  .,« 

NTn    Tin                  1                                                                                                                                                            -"■■t               11. is  /.bl  2.44 
ini>o   jiu               1   year                   9    77?   aq             ia   co             ln    ,, 

a-i- — a^^J^lLJU     |LS     gjl    £J     K  !:7t  ls 
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,.  nt   Thi<,  is  reflected  in  the  lower  trash  percent 

»f. Tore  prevalent  In  the  carryover  cane  than  one  year  cane. 

.  ,   j-     Mnct  nf  the  carryover  310  was  harvested  the  first  part 
The  trash  figures  for  NCo  310  --^^.t    f   r   ^ ^ll  freezes.   Freezes  dessicate  the 
of  the  season.   Most  of  the  one  year  310  wa^  ^rvested  art  1Q  one      cane  harvested 

b:?orrthe7a„nary  IT^lTZX*   ^«™^^"   ~  "'  ^  ^  ""  ^ 

11.41%  trash. 

.,„„   Br-iv  nnl  and  Duritv  levels  were  all  down 
It  is  obvious  that  juice  quality  ^^^S^T^r^uX  andy73.8%  respectively 
from  one  year  cane  results.   Tonnages  on  t he  ot her  ha nd  wer e  up     ,     ^  ^      rtlonatel   t,  cane 

-^;ca^^^  »•* 16-6' 74-3' and 

39.0%  respectively   for  37,    68,    101,    and   310. 

GraPh    .    Pt.ts    the  weeUy J-ce   ,naUty   for   ^^^^^^Z^  ^SS.S^LS^    Su. 


• 


GRAPH   1 

1977-78  R.G.V.S.G.    INC 

NCO  310  Standover  Cane 
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crease  1.4  points  from  December  18  through  April  8. 

The  maturing  of  second  year  suckers  in  the  310  appears  to  have  pa^  ally  off  -^decline  of^ 
quality  due  to  stalk  deterioration.   The  "^ll^ta^S^SSJ  in  the  season  when  second  year 
Sti'JSTJSf ^.^Itl^^-^SS^  -Id  showed  no  benefit  over  un- 
treated  cane.   By  this  time,  second  year  suckers  had  matured  naturally. 

The  conclusion  drawn  from  cane  ripener  results  was  that  each  carryover  field  to^be  P«^^ly  "jjfd 
should  have  been  surveyed  for  an  estimation  of  second  year  sucker  population 
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plateaued  with  very  little  second  season  growth  were  least  likely  to  beneift  frc 


a  cane  ripener  application. 


GRAPH  2 

1977-78   R.G.V.S.G.    INC. 
1    NSo   310   1   Year 


following  makeop  by  Z.  averages  from  the  stx  samples  (all  taken  prior  to  Febrnary  1)  sho.ed  the 


dry  trash 


green  trash 


dead  stalks 


dying  stalks 


11.11 


13.66 


.96 


1.96 


second  year  suckers 


16.90 


good  first 
year  cane 

55.41 


over   laterT^     I  ^ 7 £     t   07      ^     ^"<?«\   ^»"    «   have   been  wiser    to  harvest    the   310   stand- 

second  year  sucker  maturity  would  offset  continuing  sta'lk  d°   ^T^  ^   we  did   -t   know  if   increasing 
the  ratio   of  suckers   to   first  year  cane'     Second       after  thf^^^  ""  Wte  ™  readily  able   t0  -Uor 
that   any  harvest  machine   other    than    the   CLAA^UOO  and  TOFTIfil  ?5  I        ^Z,™'    "   S°°n  beCame   aPParent 

were   to   be   encountered.      After   one  month   of      J        f  u        u        W°Uld   be   Unable    to  handle   the    tonnages   which 

Massey-Ferguson  201(s)    and   Toft   300(s)      they  wer wShdra^       tS   T^   '^^ ^^  d-°lisbed   'he 
harvested  by  the   four  high   capacity  harvesters       iS     t«w^  remainder   of   the   carryover  fields  were 

short,    no   leeway  was   available    to   Lhed'e   carryover   feL  "mamder  of    the   season,    less    two   days.      In 

allowable    time    to  get    this   cane  harvested      "^^   flelds   °n   thelr  ^turity  potential;   we   needed   all    the 

top   ySld?nrgOSfSielTofCaM0PgerrosaLrde  86   RcT  m^llT^^  *?   "™*    ^   *°™   »°   **•      *• 
tons   through   15   tons  per  acre!     Even  'after  'burninf  1  acr\lm£\ia   the   handover   fields   ranged   from  3.5 
fields,    approaching   ibo  tons   per  acre  §'  *  ^  bee°  dealing  With  Sross    tonna8e-    in  some 

and   carry^\:\\n::\\rmePatno;fhtth:as9giv1n   to^the"  Sl^   '^1    ""   "  """   ^   ^   ^ 

not  be   harvested   before  May   if.      This^ld   have   meant   a   LT  "^  "J   Shreddin§   field*  which  would 

cane  plus   costs    involved    in  growing   a   new  crop  P        ^   C°St    f°r   shreddin§   d°™    the  burned 


Table   2    (following   page)    compares    the    results   of    three   strategies. 


farmer"seomOePteX°pnens0ersCinrl9?l77:r  1^0^  stiffs  b^VT^   *   T  ^^   —    *»   ***"*** 
the   following   campaign.      Shredding  of  unnarvesle   *™  ?!  J  "     °   the  m111   3nd   beCame  an  added   cost 

$30  per  acre.  g  unharvested    cane  would  have   cut   additional    losses   approximately 
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Table  2.   CgMaris£S_of  the  results  of  three  strategies., 

Npw  Crop  Each  Year  Discard  First  Year's  CroF 
$150.00  $150.00 


Year  1  Farming  Cost  of 
1976-77  Crop  Per  Acre 


Year  2   Farming  Cost  of  Crop 
Per  Acre  with  6% 
Inflation  Factor 

Two  Year  Total  Farming  Costs: 


129.25* 


$279.25 


$129.25*  +  $20.00  to 
shread  =  $149.25 

$299.25 


Carryover  First 
Year's  Crop 


$150.00 


89.50 


$239.50 


Year  1   Sugar  &  Molasses  Returns 
1976-77  Based  on  $18.49/Ton  of 
Cane 


Year  2   Sugar  &  Molasses  Returns 
1977-78  Based  on  Yield  %  of  Cane 


39.7  GTCA  x 
$18.49  = 
$734.05 


29.7  GTCA 
at  8.35%  x 
$23.40  =  $694.98 


-0- 


29.7  GTCA  x 
$23.40  = 
$694.98 


-0- 


50.17  at 
6.86%  x  $19.22 
$964.27 


Two  Year  Gross  Returns: 


Ne 


t  After  Deducting  Farming  Costs: 


$1,429.03 
$1,149.78 


$694.98 


$395.73 


$964.27 
$724.77 


Year  1   Harvest,  Haul,  Mill  & 
1976-77  Adm.  Costs  at  $17.99/Ton: 

Year  2  Harvest,  Haul,  Mill  & 
1977-78  Adm.  Costs  at  $17.52/Ton: 


39.7  x  $17.99 
$714.20 


29.7  GTCA  x  $17.52 
$520.34 


-0- 


29.7  GTCA  x  $17.52 
-  $520.34 


-0- 


50.17  x  $17.52 
$878.98 


Total  Production  Costs 
for  Two  Years: 

Net  Return  (Loss)  for  2  Years: 


$1,234.54 


($84.76) 


$520.34 


($124.61) 


$878.98 


($154.21) 


7  7"  lq77_78  that  growers  reduced  farming  inputs  for  sugarcane. 

*   The  economics  of  sugar  were  such  in  197/  /»  tuat  gro 

The  production  aspect  to  which  we  should  have  given  ^  ^Tt'thaJ" tZ^llZ^^llllZ   to 
SSS^SS  ^:;ca?aLr0d=r:lLWt^r^fi^s  carried  over  would  have  heen  easier  to 
handle  in  the  1977-78  season. 
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SUGARCANE  JUICE  QUALITY  AS  RELATED  TO  NITROGEN  FERTILIZATION 

J.    R.  Thomas  and  J.  A.  Schmidt 

Soil  and  Water  Conservation  Research 

USDA,  SEA,  AR 

Weslaco,  Texas 

ABSTRACT 

Lower^Grlnde  Valley^ MLl  "Swivel  ^lllZ'nT^  ^/^  "*""»*  ^°™   ™   ^ 
sistent.   In  this  study,  we  determined  the' influence  of      f"  *  ^  JUiCe  qualit^  has  been  incon- 
and  sugar  yields  and  the  juice  JESS  concentration.  1^°      i  *«""*  and  N  fertilization  on  cane 
composition;  and  the  relative  importance  o "several  ca  nV  elatl°n.between  **»  quality  and  mineral 
cultivar  CP  52-68  was  grown  at  N "levels  of  0  Il2  and    it  ani™  t0  JU±CS  qUaMty-   Sugarcane 
Raymondville  clay  loam  (Vertic  CalciustollO    rt'  §    °n  the  CUt  and  fil1  areas  of  * 

block  with  three  replications.  ^^tL^T^FJ?***   "*'  */****»*  -Wlete 
apart.   Cane  and  sugar  yields  were  22  and  187  HtL   f-   ?  381-m-l°ng  rows  of  cane  spaced  168  cm 
cut  area.   The  soil's  innate  fertility  affected  thTf    f'  "T^"  ^  the  f±11  area  than  °"  the 
application  of  N  fertilizer  increased'the  Juc1  a  ion""  21  T   **  "'  "'^  ?  *»  the  ^lce-   The 
(low  pol  and  purity)  was  associated  with  large  cane  yields  hth  C°nCentra5ions ■   Poor  I**"*  juice 
conductivity  (rpol=-0. 90**) ,  N  (r.^0.94**   CI  (r     J^wSf.T?"  Catl°n  l6VelS  "  electrlcal 
brix  and  pol  were  only  slightly  depressed  at  1,,irl  801   °'97**)  and  low  amounts  of  P.   Percentage 
perce„tage  pol  decreased  ^iSSHs  £2*3  lSSSSrL5SS,B'"  *  """^  *""' 

INTRODUCTION 

from  su^an^r^  'l^S^^JT^^^^   S"  ^^  ^  "  '— ^  ^ 

quality  components  (pol,  brix,  and  purity)  and  N  fertilization  haveT'     CO-elati°-  between  juice 
ious  effects  of  N  fertilizer  on  juice  quality  I  Sh   !  ?  n  lnconsistent  (15) .   The  deleter- 

High  concentrations  of  unaaslinilitS  N^Sn^ln  the  imLJ    ""^  V6getative  and  —leer  growth  (14). 
recovery  (16).   Nitrogen  fertilization  So  may  increase™  ash  cTt  **"?*?   P°larizati™  «*  sugar 
reported  that  N  fertilization  increased  the  juice  eland  M*  rn   T  ^^      Lemaire  et  al '  ^ 

concentrations.   Parish  (12)  found  that  juice  P  and  K !   §  "^entrations  but  decreased  the  P  and  K 
yields.   Leverington  et  al.  (9)  reported  an  incr^t  ■  ^  •  nt"tioaa  decreased  when  N  increased  cane 
the  effect  of  N  fertilizer  on  u"e  N  was   inconsis  en"  "pe"   C°nfCentration  a*  the  cane  matured,  but 
as  the  cane  matured  and  differed  among  Sugarcane  cuSvars  (IT*   f  -^'l* ■  C°  N  fertilization  changed 
of  the  juice  and  decreased  sugar  recovery  (4)  '  (10) '   So11  salmity  increased  the  ash  content 

and  ^^ofSS  th^nfis  ££  ££  ^ES^T^  *  '«**■"■  «"«*  —ions, 
encies,  or  excesses  that  relate  to  canf™^  anT        §   indicate  any  nutrient  imbalances,  defici- 
ence  of  soil  fertility  and  N  f  ertmsation  ™  the  minfr^  reC°Ver?" .  therefore,  we  determined  the  influ- 
juice  quality  and  mineral  composition!  and  the  relative  iTT^^   °'   ^  JU±Ce*  the  relation  between 
juice  quality.  '      he  relatlve  importance  of  several  cations  and  anions  to 

MATERIALS  AND  METHODS 

fill   arLTof  fSeS  ^^J^^^^SJS^.'T^    ^^    '<*   5™'>    °«   ««   a»d 

properties  of   the   soil   are   given   in  Table  I!      Raym°ndVllle   cla^   loam    CV<»rtiC   Calciustoll) .      Chemical 

^^t/^^J^t^tr^^^^^l   "   STJ  V"   P   t0    the   ™   cr- 
eations  in   the  upper   30  cm  of   the   soil  Profile     and      I    Li™  °3~N'    ^  NaHC03-soluble  ?   concen- 
cations  and  anions   in   the  upper   120-cm  pr^il     depth        ?        I   lncreased   the  »*»  concentration   of   soluble 
able  on   the   cut   area,    whereas    the   possiMlitv  or   it      rl            resPonse    to  N   fertilizer  was  highly  prob- 
salinity  increased  with  profile  depth!     In  several  nlotf   ST?"   t0  ?  fertilizer  was   ^all.      Soil 
extract    (ECe)    exceeded   4   and   3  m.ho^cm,    i^S^ ^^^^   S^'S^fS  JS36" 

38l-m-lorngdr°lZeof   S^S^.t^'*  S^T***^™   ^      "   Pl0t   «^—   °f   S^ 
solution  of  urea-NH4N03(32P%  N)    was   allied  at   N   level"  oro:ld12:e^ded22rkga/1Ly/yr .^^   "  APr11'      A 

to   a  d^VoTSo  rJoJtSSS  dteSna^n   '^2? "?   Ch— iZati^  -   at   30-cm  intervals 
method;    P  by   the  NaHC03   procedure-    tot™  N   ov  i'^l ^r       /mo   "  W  determined  by- the  Walkley-Black 
method    (6).      Exchange   capacity!  EC  si      ,'  and   NO3N  by   the  nitrophenol-disulf onic-yellow 

the   salinity   laboratory    (17)  *  6   Catl°nS   and   anions  were  determined   by  methods   used   at 
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March  1977.  All  the  cane  In  th.  plot  area  »•  «£jf  ~*_  solid|  and  apparent  sucrose  (11), 

_S^"^?H£E«=--  - » —  -  " 

Ti^LA^p1l^_s_s^^ 
Properties 


Unit 


Cut 


Fill 


me/1 


CEC 

pH 

Organic  matter 

Total  N 

NO3-N 

NaHC03-P 

ECe2 

Soluble  ions2 

Ca 

Mg 

K 

Na 

CI 

SO4 

HCO3 — 

1  Hean  values  of  3  replications  and  3  treatment  ^""""J;     f„    £11.  deptk  0  to 

3  ruerrarr^i:r0;srfett:;  r^s^^  — « -  ■ 

level  according  to  Duncan's  multiple  range  test. 


10.7 

3.3 

0.4 

15.7 

11.3 

13.7 

4.0 


10.9 
2.7 
0.7 

11.4 
9.1 

11.7 
3.6 


30  cm. 
probability 


RESULTS  AND  DISCUSSION 


Cane  and  Sugar  Yields 

_  saline  water  table  seriously  decreased  th< ^U—  and  ^^^^^.W 

in  the  cut  area.   A  drainage  well  system  activated  n  February  «  ^  ^^  th_  cut  and 

depths  throughout  the  study  period;  however   some  of  the  ^""ff      (1975  through  1977),  22  and  18%, 
fill  areas  may  reflect  initial  differences  in  stand.   During  the  Sy  £     ^    ^^   2)  _     h 

respectively,  more  cane  and  sugar  were  produced  °n  'he  fill  f   6   and  30.6%j  respectively,  on  the  cut  and 
continuous  cropping  of  nonf ertilized  cane»  J^/^HeV.  Compare  1975  and  1977)  in  the  cut  area,  but 
fill  areas.  Yields  of  N-fertilized  cane  decrease labou  16 J  /     and  sugar  yields  in  1976  reflected 

%ii2  ysr:iS8SfS"»)Lldir„:f  di«:r-a^i£?i:.tiv «- those  _*  u,  *  .*.. 

Juice  Quality 

application  of  H  fertilizer  (112  ,g/ha)  -g^* ."* ^LT^ iSf  i-TuiS  --- 
and  purity  of  the  juice  (Table  3)  in  1975  and  1977.  The  longer g     g   ^       ^^  ___. 

plete  utilization  of  N  in  vegetative  growth   *£«££•  °er£  lower  in  cane  grown  on  the  more  fertile 

statistically  significant;  however,  brix,  pel,  and  purity  we 

fill  area. 

Mineral  Composition  of   Juice 

Land   forming   significantly  affected   ^  P   concentrat ^^^l^\^^ Is'te  Inl- 
and EC    (electrical  conductivity)    in  1975    (Table  4).      Th  o^ntratlon8  of   8.2  and   11.6  me/lOOg,    respect- 
ability of  P   in  the  soil  ^rlJlltilized   cane  reflected   differences   in   the   soil's   innate  ability 
^supply  ^Srefs1  LTr^ili^rca^rS/higher   juice  N  concentrations   on   the   cut   area  were 
associated  with  the   smaller  yields. 

d„1Ce  CI   concentration  was   Influenced  *  ^£^^^£1^/-  "iSS?  -ounted" ' 

The  coefficient   of   determination  x   100   suggested   that  variation   in 
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in  determining  the  juice  CI  concentration.  W6re  almost  e(iually  effective 


^able  2" Sugarcane  yields  as  affected  by  N  fertilj 

N          Crop 
applied        cycle 

Kg/ha 


0 

112 

224 

Mean 


0 

112 

224 

Mean 


0 

112 

224 

Mean 


2nd  Rtn 


3rd  Rtn 


4th  Rtn 


zation  and  land  forming. 
Cane 


Cut 


68.1  aJ 
88.3  b 
83.8  b 
80.1 


78.4 


43.2  a 
72.9  b 
70.9  b 
62.3 


Fill 


97.5 

101.2 

98.6 

99.1 


50.2   a 

79.7   b 

92.7   c 

101.0   c 

92.3   c 

104.6   c 

95.1 


67 

101. 

95. 


7  b 
4  c 
3  c 


i.l 


Cut 


Sugar 


Metric  tons/ha 


1975 


1976 


1977 


8.31  a 
9.65  be 
8.76  b 
8.91 


6.05  a 
11.22  b 
11.27  b 


9.51 


5.51  a 
6.90  b 
6.89  b 
6.43 


SSSlS  ITII^IZ7ZI\:Z  H""  "'  ""  —**-«*  ««-«  «  -  =*  Prob.b 


Fill 


10.51 

9.88 

10.26 

10.22 


10.12 
11.33 
11.65 


11.03 


7.48  c 
10.53  d 
9.14  d 
9.05 


ility  ley   ; 


Table  3.   Sugarcane  juice  quality  as  affected  by  N  fgrtiligatior! 
Crop  cycle  Brix 


N 
applied 


Kg /ha 


0 
112 
224 


0 
112 
224 


0 
112 
224 


2nd  Rtn 


3rd  Rtn 


4th  Rtn 


19.0  aJ 
18.2  b 
18.4  b 


18.8  a 
18.7  a 
18.6  a 


19.7  a 

17.8  b 
17.8  b 


Pol 


% 
1975 

15.9  a 

14.7  b 

14.8  b 

1976 

16.3  a 
16.2  a 

16.1  a 

1977 

16.5  a 

14.2  b 
13.9  b 


Purity 


83.7  a 

80.8  b 
80.4  b 


86.7  a 
83.6  a 
86.6  a 


83.8  a 
79.8  b 
78.1  b 


1 . ■  '  "  /  O  .  L     D 

w  ^iSixssrigpST^'s.r not  si-— ^  «««« « «, » Probability 


concen^ati^n'iLrfaLf  SJ^)7jf  Jl^^i  *J  *'  -«  —rations  (Table  5).   Mce  N 
P  concentration  was  reduced  more  ha^  could  b"  ac^ntef  forT  Z   i  fertm"*  leVel  *«««• •*■   The 

application  of  112  kg  N/ha  increased  fmp  1  /  w       5  Y     lncrease  ln  cane  growth.   The 
juice  P  concentration  51%   i     eP  1      I        "^   ^^   °f  the  nonf  ertili^d  cane,  but  reduced 

applied  N.   Standard  partial'reg  L   on  o"  Sn^b'^  VSTJ™  *  tS%S'"ilb1'  ^   ?  and 
twice  as  effective  as  available  soil  P  ir     '       ,   YP..NT0'38.  b  YN.P=-°-77)  indicated  that  N  was 
determination  x  100  suggested  that  soil  P  J  T   A  /   JU1C£  ?  concentration.   The  coefficient  of 
variability  in  juice  P  concentrations   The  P   V     fertilizer  rates  accounted  for  84%  of  the 
Leverington  et  al.  (1965)  ^^na^O  JpTSSlT^  £  ^ST"""*"1  *  ""  JUl- 


conduSl^Sjr^'S^^Sj^^^-Jf-  foll°^  N  fertilization  raised  the  electrical 
significant  (r=0.94**).   The  i^XZtt^^g^JfJ^   +  Na)  ™   ^ 
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Table  4. 


Mineral 
constituents 


Effects^j^ancLlorminj^^ 

1975 


iuice. 


1977 


Cut 


Fill 


Ca 

Mg 

K 

Na 

N 

P 

CI 

EC 


j/lOOg 


mmho / cm 


3. 

7 

aA 

6. 

3 

a 

56 

5 

a 

7 

0 

a 

3 

.7 

a 

27 

.2 

a 

8 

.0 

a 

4. 

2 

a 

6. 

7 

a 

61 

1 

a 

6 

6 

a 

5 

.0 

b 

35 

.1 

b 

9 

.0 

b 

5.9   a 

9.4  a 
67.4   a 

2.9  a 
25.7   a 

3.2  a 
39.4  a 
10.2   a 


6. 

7 

a 

9 

5 

a 

74 

0 

a 

2 

9 

a 

22 

.5 

a 

5 

.6 

b 

43 

.2 

a 

11 

.2 

a 

1  Values   averaged   over   all  N  rates.  t   significantly  different   at   the 


Table  5. 


Mineral 
constituents 


Effect  of  B  f.rH  nation  on  mineral^onIent^of_^ug^ang_Juice, 

Nitrogen  applied-Kg/ha 
224       2 


0 


112 


112 


224 


1975 


1977 


me/lOOg 


mmho / cm 


7.2 

56.6 

3.5 

5.5 

6.3 

24.7 
7.8 
5.5 


7.0 

60.3 

4.0 

6.4 

3.7 
33.3 

8.7 
5.4 


a 
b 
b 
ab 

b 
b 
b 


6.3 
59.4 

4.2 
7.7 

3.2 
35.4 


2.8  a 
59.9  a 

5.8  a 
8.0  a 

9.9  a 

7.0  a 
28.8  a 

9.1  a 


3.1 
74.2 

6.1 

9.5 
24.4 

3.5 
46.6 


a 

b 

a 

ab 

b 

b 

b 


2. 

7 

a 

78 

0 

b 

7 

0 

b 

10 

8 

b 

38 

.1 

c 

2 

.5 

c 

48 

.5 

b 

11.4  b 


11.6  b 


5.4 


Na 
K 

Ca 

Mg 

N 

P 

CI 

EC 

PH 

5%  probability  level  according  to  Duncan's  multxple  range 

Mineral  Composition  and  Juice  Quality 

--^^^-TcT ^7oi rectly  *  ^J^^^ES^  ofVafioL  or  EC 

indirectly  by  increasing  the  concentration  o  ^Apparently,  the  increased  EC  affected  percentage 

were  associated  with  low  quality  3 uice  (Tab! 6) .  Apparen tly,      ^  ^  ,,  ^  were     st 

pol  more  than  brix  (compare  b  values).   The  ^gression  reduced  pol,  brix,  and  purity 

Lily  different,  and  they  indicated  that  a  1-mmh ^J^"^^^  the  juice  mineral  concentration 

by  1.0,  0.7  and  2.3%,  respectively.   Because    utilization     g        ^  ^.^  elements  and 

(except  Na),  highly  significant  corre lation  c«E flci J*   '  However,  only  a  small  part  of  the 

between  the  mineral  constituents  and  Perc^f\P°^band7p- (39%)  as  indicated  by  the  coefficients 

variation  in  pol  was  associated  with  Ca  (36%),  K  (234),  ™  "  analysis  suggested  that  Mg  and 

of  determination  x  100.   Results  of  a  ^epwise  multiple  regressioY         inorganic  anion, 

K  together  accounted  for  91%  of  the  v«xatxan  xn  pol-  wherea  chlo  ^  r  (      =_0.053) 

accounted  for  94%  oJt^-^^^^^^XrJig-lflamt.   This  suggested  that  the 

corral  tio  /b  twL  1_P  i°      o  Reflected  the  N-Cl  and  P-Cl  relationships. 


Table  6. 


Session  (W  ano  correction  W  coefficients  sno„ing  too  relate  bet.een  cu-Xity 

and  electrical  conductivity  of  sugarcane  iuice. 


Quality 
component 

% 
Pol 
Brix 
Purity 


1975 


1977 


-1.05 
-0.68 
-2.66 


-0.90** 
-0.87** 
-0.88** 


-0.96 
-0.71 
-2.02 


-0.94** 
-0.92** 
-0.92** 


*  Significant  at  P  =  5%. 
**  Significant  at  P  =  1% • 

The  relative  importance  of  juice  .  and  CI  concentrations  to  juice  .uality^s  J^  "j^  -* 
2.   Percentage  brix  and  pol  were  only  slig htly  **«£*   f  ^ce  rations  increaSed.   High 

me/lOOg,  whereas  percentage  pol  decreased  progressively  as  juice 
concentrations  of  CI  in  the  plant  impede  sugar  production  (2). 
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Table  7-  li:ii't:zii1Tf^x,-i:i"dicMr's  the  -«*»-"»■  — • «  p.i  -a  .*«* 


Item 
correlated 


%  Pol 


Na 


%  Pol 

Na 

K 

Ca 

Mg 

N 

P 

CI 


ns 


ns  not  significant 

*   significant  at  p   =  5%, 

**   significant  at  p  =  1%. 


K 


-0.479* 
ns 


Ca 


-0.598** 

ns 

0.686** 


Mg 


-0.791** 

ns 

0.900** 

0.784** 


N 


-0.819** 

ns 

0.780** 

0.600** 

0.910** 


0.625** 

ns 
-0.577* 

ns 
-0.663** 
-0.832** 


CI 


-0.970** 
ns 
0.534* 
0.631** 
0.820** 
0.837** 

-0.659** 


22 
21 


£   2° 

ffl 


O 
Q. 


18 


17 


15 


0.938** 


10         15        20        25        30        35        40 
JUICE    NITROGEN,  me/IOOg 


Fig.  1.   Percentage  brix  and  pol  of  sugar 


45 


cane  juice  in  relation  to  the  juice  N  concentratj 
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. 


I8r 


16 


15 

_J 

O      |4 


I3|- 
12 
II 
10 


10 


Y  =  19.24  -0.I3X 
r  =  -0.914** 

x    1977 

Y  =  20  56  -0.I4X 
r  =  -0,971** 


15        20 


25        30        35        40       45        50 
JUICE    CHLORIDE,  me/IOOg 


55        60 


Fig.  2.   Percentage  pol  of  sugarcane  juice  in 


relation  to  the  juice  CI  concentration. 


CONCLUSIONS 

Poor  juice  quality  (low  pol  ana  purity)  ~»*Z^*«^^^  ^J^^ 
of  cations,  N  and  CI,  and  low  juice  levels  of  /"  J1^™"^. 
chiefly  by  increasing  the  concentration  of  Mg,  K,  and  CI  in  the  juice. 

Since  excess  H  decreased  the  sugar  percentage,  fertilize, :  N  ^J^ ^SJ^fS.'SS" 
maximum  cane  yields  per  kilogram  of  N.   T^%°P^X  Q-  and  112-kg  N/ha  treatments  suggested  that  the 
study;  however,  the  sharp  yield  increase  between  the  0   and  112  kg 
optimum  fertilizer  N  rate  was  less  than  112  kg/ha. 
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ABSTRACT 


A  computer  program  has  been  developed  -  facilitate  calculation  of  J^^^^^tS. 
observed  data.   This  program  has  been  designed  to  a   e  question.   Yield  can  be  calculated 

by  using  a  predetermined  sampling  code  specific  for  the  researoa    *     or  calculated  variables  such 
from  either  observed  variables  such  as  sta ^-xght  ^ice  P°^'    t<m   and  associated  variables  is 
as  normal  juice  sucrose  and  sugar  per  ton   The  est Mat ion      *  The      am  can  also  be 

also  possible  from  data  collected  ^^"^^f^^gLal!  physiological,  etc.)  so  that  the  storage 
used  to  handle  other  types  of  data  (anatomical,  "^f^^'J  utilizing  SAS  (Statistical  Analysis 
of  all  research  data  can  be  uniform   This  g»™  anllysis.   The  advantage  of  a  system  of  this  type 
Systems),  a  system  for  data  management  and  statistical  anaxy  ^   collected  over  several  years 

cannot  St  easily"  ^ssible  T^lLZ:^  ^future  reference  and  composit  analysis. 


INTRODUCTION 


major  factor  contributing  to  the  simplicity  ot  tne  ^ *  ^  £      registered  in  the  computer  requiring 


THE  SYSTEM 


A  users  guide  for  this  particular  system  has  been  written  outlining ^^^^^^ 
observations  onto  data  code  sheets.   Since  «"«■££*  particular  coding  system  is  a  multiple  card  system 
*£^SS^ZS£2£^  ISSSL^SL   —  fining  actual  observations. 

The  identification  card  is  used  in  •P^^g^^^JlLS^'^S^^Sir'i-'- 
succeeding  cards.  The  first  variable  on  th e  ^entificatx on  care is  ^  ^  encountered  ^  next 
This  card  is  designated  by  0,  and  in  a  set  of  data  cards  1 a   y  ^  numbers  Q_9  deslgnate 

variable  is  research  area  which  denotes  ^^J*^^   followed  by  year  in  which  the  -search 

-r^^^^  ^ is  accompiished  by  simply  enterin8 

N   latitude  and  W  longitude   of    the   test   location   in  question. 

Type   analysis   is   the  next  variable  ^J^fZQ%?^rLlTe   actuallylonSolftnf method  by 

program  for   the   calculation  of  yield  variables        ™1S    tw°   dif t  variable   is    capable   of   computing 

which  yield  variables   are  calculated   from  raw  data       The   type  analys  ^  ^  array  of 

yield  variables   such   as    tons   of   cane  per  acre   and  P^nds   °*   ^  *  _      ^3   allows    the   system  to 

sampling  techniques   and  juice   quality   analyses,    ^eluding  ^ess   analy  ^   researcher,    and   leaves    the 
conform  to   the   sampling  and  juice  quality   analyse    tech^ues 
method   of  yield  variable   calculation  under  his   or  her   control. 

The   first   digit   in   the   type   analysis  -^^J^^L'^SSm^^   fo^ToTl^vT 

ard  sar^s- jk^-s  -  -  -^  ^^-—  — e  in  an  array  of  "7 

The  next  variable  on  the  identification  card  designates  '^^^^^J^^c^^^^ 

^s::^^i^^^^~^-^> as  headings  or  titles  on  pr       p 
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The  ^xt  type  of  card  most  commonly  used  is  the  yield  data  card.   The  first  four  variables  on  this 
and  any  other  card  are  research  area,  year  and  specific  test  number  used  to  match  any  card  to  its 
appropriate identification  card.   Harvest  date,  the  next  variable  may  also  be  entered  on  the  yield  card 
if  several  harvest  dates  are  required  within  a  particular  test.   Treatment  date,  heat  treated  progeny 
percent  mosaic  variety,  replication,  treatment  and  plot  number  are  the  next  variables  entered  and  are 
txcal^al^es   "       °nPUrPOSeS'  "  ^  "  independent  *«""*•  in  sorting  the  data  and  "atis- 

The  remaining  variables  are  actually  observations  used  in  calculating  yield  variables   Temperature 

titbit  '  JU,1Ce  POlf  ^'  nUmb6r  °f  StalkS  Per  Sample'  bundle  -ight8and  stalk  Jopula  ion!ror     ' 

instance  are  used  in  calculating  yield  variable  such  as  sugar  per  ton,  pounds  of  sugar  per  acre  sucrose 

ZtZZ     L        V™11^    reS6arCh  Where  Pl0t  sub-^tnPling  is  utilized.   If  whole  plots  are  harvested  and 
weighed,  then  plot  weight,  plot  size  and  stalk  population  as  well  as  temperature,  observed  brix  and  juice 
polarity  are  used  in  calculating  the  afore  mentioned  yield  variables.   Sugar  per  ton  o7cane  can  also  IT 
entered  by  the  user  in  place  of  juice  polarity  if  his  or  her  method  of  juice  quality  analysis  is  already 
calculating  this  particular  variable.   In  any  case,  yield  variables  will  be  calculated  as  specified by  the 
rui^^ualit;  Inalyli:.3616"^  *  *"  "■"**"  ^  —°^   *°   ""  "  -  sampl^Sn^anf 

Calculation  of  yield  variables  using  this  system  are  also  possible  from  data  collected  via  press 

analysis.   By  entering  the  weight  of  the  sample  being  analyzed,  its  weight  after  being  pressed  and  the 

dried  weight  of  pressed  samples,  fiber  determinations  can  be  made  along  with  the  calculation  or  yield 

variables  already  mentioned.   A  flow  diagram  of  the  program  is  shown  in  Figure  1  Y 
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Figure  1.   Flow  diagram  of  the  program 
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..  4„  qA9  affords  several  avenues  of  data  storage, 
The  develops  of  this  system  of  data  managemen U   AS  f™^  ^  ^   ^   ^ 

man.gement  and  analysis.   ^-^^oruL  as  a  convenient  and  systemic  reference  to  data  which  has 
cards.   Printed  output  can  be  bound  for  use  as  a  co  and  other  methods  of  data 

been  logged  into  the  system.   For  these  Ptoses  data  listing  ,  analysis  of  data  tn  this 

display  including  graphic  illustration  "^^^^of  variance,  specific  treatment  comparisons 
particular  system  is  rapidly  Pf  ff  ^/"^tilable  within  the  SAS  system  making  the  analyses  of 

h^^^"^^^^^** research  data  more  practica1' 

.conclusion,  this  system  is  capable  f^^Z^**?™^  l^lTlt  acfo^ng 
providing  a  systematic  and  uniform  method  of  data  """J^T    alsc/allows  the  tedious  calculation  of 
data  from  many  different  disciplines  of  sugarcane  ^a*f ;  f  ^  acre  from  an  array  of  sampling  and 
yield  variables  such  as  sugar  per  ton  J  cane  and  tons  of  can  p      ^  ^      .      ca       for 
juice  analysis  techniques.   Probably  the  greatest  bene  q£  data  handling,  whlle 

the  organization  of  large  amounts  °*  "^"^^Sses  without  a  vast  knowledge  of  computer 
affording  the  convenience  of  an  array  of  statistical  an  y 
science  or  programming. 

REFERENCES 

i  T    t  uoinio   A  User's  Guide  to  SAS  76. 

'"  ,        iq77   The  History  and  Development  of  Sugar  Yield  Calculations. 

3   Legendre,  B.  L.  and  M.  T.  Henderson.   1972.   The  History 
Proc.  ASSCT  2  (NS) :   10-18. 
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ABSTRACT 


ie  effective  reference  of  historical   i««  .       "       -L .V"''  th"  P^'Stee   information  will 


breeding 

__„,  ■  a        cr         .  "  — ""    """   >-"=^aues   were    aocur 

provide   effective   reference   of  historical    interest   conrprn-i„„   rt      "  '     -"-"   ™— <-■«'"  win 

ing   canes.      Also,    it  will  provide    information  „  ?      /  parenta8e   °f   CP   commercial  and  breed- 

The  ancestry   of  all  varieties   traced  SS  to  3   specS        faccT   ^  V^™*  f«   fUtU™  CP  varieties! 
S.   barberi.      A  fourth   species,    S.    sinense,   was   SansmitteSrTp  Zg&SSSB,  1-    spontaneum.    and 
contributor  of   genetic   factors  waslT^cInaru* w"h  bSbS   the   IT  f    ?  C? .Varieties"      ^he  major 

~    — -•    barberi   the   second  most    important   contributor. 

INTRODUCTION 

Miami^cV^ltTut  ttf^l^nlt  til  SS^S«2"?  ST"  "  C°lllnS  «*    *» 
was   to   develop   varieties  resistant    to  mosaic   disease      rooi r   I  f    (]'    ?'    10) '      The    initial   objective 

True   seeds  were  produced  at   Canal   Point   and   sen        o  Lou      L^  f        "'   '^  Dlantin8   *»  Louisiana. 

Point  has    increased    in  volume  and    in   scope    sinS   lL  ™        I   selection.      The  breeding  work  at  Canal 

1960's    (10).      A   three-way  agreement  be   wnthFlLirs^aTcale^   F1°ri?a   ^   **»**'   ^   ^   ^ 
and   the  U.    S.    Department   of  Agriculture  provides   for   testing      5n  ^    ?S"    ^  Unlversity   of   Florida, 

to   the   sugarcane  growers   of   Florida    (7,    10)         In      Si H™?'^ creasin8  ™*  distributing  new  varieties 
tion   continues   to  produce   true   seeds   for   the   sugarcfne "arietv  LT6^  deVel°Pment  P^ram,    this   sta- 
Mississippi.      A  large   crossing  house  built   LS  \        variety  development  programs   in  Louisiana   and 
of   seed.  g  bUllt    ln   1959  has  made  possible   the   production   of   large   quantities 


commercial   ££££  S'lS^L'S'c^^   S^.J'^/S  "'?  "    **   ""*»   to   reach 
8enetic   factors   of    those   varieties  eTSS  S  SS  ^r^^-i.^iSSrfro^.?'"  ^ 

con.e^Ll^SSiot  or^Hs  SaSiTS'  'f  ^'3?*  *   1?  Canal  P°int  *«*«..  released  for 
to   23).      Two  varieties,    CP   50-28    (3)    and  CP   51  jS™8  ^f   f°   d6CadeS    (2'    3'    6'    8'    9>    "•    15,    19 

eluded   in   this  paper.      The  parentage   o^theL   1^  varieT  "  ft*?  ^  TySdal    (22)  '   are  als°   *~ 

Table   1.      Thirteen   of    the   l7  varieties  -ST^^^^^S  0^^   "^    * 
Table   1. 


Variety 


Parentage  and  date  of  release  of  17  CP  varieties  of  sugarcane. 


CP  50 
CP  52 
CP  56 
CP  56- 
CP  57- 
CP  57- 
CP  57- 
CP  57- 
CP  59- 
CP  59- 
CP  62- 
CP  63- 
CP  63- 
CP  65- 
CP  68- 
CP  68- 
CP  70 


Parentage 


28 
-68 
-59 
-63 
-120 
-526 
-603 
-614 
-50 
-73 
-374 
-306 
-588 
•357 
■1026 
•106  7 
1133 


CP  43-64 

CP  29-320 

CI  47-83 

CI  47-83 

CP  43-74 

CP  52-114 

CI  47-143 

CI  47-183 

CP  44-155 

F  36-819 

CP  53-18 

CP  50-28 

CI  54-1910  x 

CP  52-68   x 

CI  47-83   x 

CP  52-68   x 

67  P  6s  x 


Releasing 


CP  33-372 
CP  38-34 
CP  34-79 
CP  36-105 
B  45181 
US  54-24-9 

CP  53-17 
CP  52-34 
CP  33-372 
CP  33-324 
CP  52-15 
CP  57-120 
CP  53-17 
CP  57-614 
CP  57-603 
CP  56-63 


USDA, 

USDA 

USDA, 

USDA, 

USDA 

USDA 

USDA, 

USDA, 

USDA 

USDA, 

USDA, 

USDA, 

USDA, 

USDA, 

USDA, 

USDA, 

USDA, 


FAES 

FAES. 
FAES, 


agency 
1 


FSCL 
FSCL 


FAES 
FAES 


,  FSCL 
,  FSCL 


FAES 
FAES 
FAES 
FAES 
LAES 
FAES 
FAES 
FAES 


FSCL 
FSCL 
,  FSCL 
,  FSCL 
,  ASCL 
,  FSCL 
,  FSCL 
,  FSCL 


Date  of  release 

1957 

1958 

1967 

1968 

Breeding  line 

Breeding  line 

1967 

1968 

Breeding  line 

1967 

1969 

1971 

1968 

1973 

1975 

1975 

1977 


USDA  -  U.S.    Department   of  Aericul  turp  ■    PAFQ   -  n       ~,      ]       \      "  ' 

FSCL   =  Florida   Sugar  Cane  League      Inc '  •   lIeV-  1  ■   AgrA1Cultural   Experiment   Station; 

ASCL   =  American   Sugar  Cane  Lefgue   or"  the  u" !l.,    Inl"™  AgriCultUral   Experiment   Station; 
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•    •   FTorida  are  CP  63-588  and  CP  56-59  (38%  and  13.5%  of  the 
The  two  most  widely  grown  varieties  "^"^"^"ety  census  (12).   CP  62-374  was  grown 
sugarcane  acreage,  respectively)  according  to  the  latest  va    y    ^_^   ^  Q?  3  ±     a 

"approximately  3.3%  and  CP  57-603  on  1.7/.  of  the  acreage         acreag£  slnce  its  release  in  1967. 
late-maturing  variety  planted  on  1.4  to  3  5/   of  th e  state   g    ^  ^  ^   no  longer  in  corner 

The  rest  of  the  CP  varieties  were  planted  on  less  than        milling  qualities  and  achieved  second 
Sal production.   CP  63-588  has  a  ^gh  sugar  conten t  and  goo d^   gJJ^  ^    varieties  to  achieve 
place  in  total  acreage  in  Florida  in  1971  and  fxrst  pi        ^  57_6()3  ^  L2)   Varieties  CP  57  120, 
second  place  in  total  acreage  were  CP  50-28  (10)   CP  X>  development  program.   CP  65-357  which  was 

CP  57-526  and  CP  59-50  were  used  as  parents  in  the  varie  y       cooperative  research  of  the  U.S. 
produced  from  a  cross  made  iC^St^KJSSP-p2i;  ^  d   ^Merican  ugar^Cane 

Department  of  Agriculture,  the  Louis      »       Louisiana  industry  in  1973.  CP  65 
league  of  the  U.S.A.,  Inc.  ana  was  released  to  ™       ±b  lncrea8ln8  ln  Florida. 

tne  principal  variety  in  louisiana  (13)  ^  ^  ^ 

Host  varieties  of . sugarcane  (hre, >  at  e^ent  stations,  „  designer^  ^  ^  ^  q£  ^^ 


0,"Nt«CHA         WH„. 


■  ANOjIIMASIN         l»H»IN»       TIUOW  ilACK  HAWAIIAN  U1A 

HtT»M  II  CAttDOHIA     CHflllON 


CP6»    1026  CP6«-1067 


Fig.  1.   Pedigrees  of  CP 


(Canal  Point)  and  certain  other  varieties  of  sugars 
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Table  2, 

B 

Ba 

CP 

CI 

Co 

26 


-^^^^^^  clone. 


C  270 


D 
EK 

F 
FM 


Barbados 

Barbados  selfs 

Canal  Point,  Florida 

Clewiston,  Florida 

Coimbatore,  India 

1926  (Yellow)  Caledonia 

Selection  270  (H.S.P.A.) 

Demerara  (British  Guiana) 

Seedlings  raised  by 

Edward  Karthaus,  Java 

Florida 

Formosa  Male  Selection 


H 
L 

NG 
POJ 


US 


Hawaii 
Louisiana 
New  Guinea 
Proefstation  Oost 
Java  (East  Java 
Experiment  Station) 
US  Department  of 
Agriculture  Sugarcane 
Breeding  Station  at 
Canal  Point,  Florida 


-swieT-re^otlSr^:  aLSrS^J8^  «£*?■  ***-*■*.  and  S.  barberi 
Saccharum  consists  of  only  4  species:  S.  off icinfrum  L   S  ™K  T^      Hf  SU^ested  that  theli^T 
|E-°"taneum_  L.  and  S.  sanguineus,  (GrassI)  Grass!   He  liL~    ^^^   *randes  &  Jeswiet  exGrassl,  S. 
be  referred  to  as  horli^l^Il   groups  (coUective  hvbrlH  ^ff^   that  the  3  ±nValid  SPecles  can 
and  the  Barberi  just  as  we  refer  to  the  S  £?  iclnarum  cu!  3     ''  T*  "  ^  Edule'  the  Sinense> 
M  regard  to  the  materials  and  reference!  f^TI^ls    ?"  "  ^  ^^  8rOUP'   F°r  convenience 
article.  s'  cne  binomials  S.  sinense  and  S.  barberi  are  used  in  this 

of  thel6  Llarca6"  ^r^l^ ^^^J^^^J^^^^^T   of  the  genetic  background 
unknown  parents.   Among  the  16  clones,  ten  were  S   2f\v  ^  "  kn0Wn  Cl°nes  Plus  several 

awa  Tekcha),  two  S.  spontaneum  (Indian  ana  lava  for^^^FV™  ^  -SlnenSe-  Hawaiian  Uba  and  Okin- 
quency  of  the  four  species  S.  officinarum    ™?'    ^  W°  ~  ^arberl-  (Chunnee  and  Kansar) .   Fre- 
predominance  of  S.  a&sto^g^g&g^^   Lle^aMe^™  f""^  ^ 

eLles  UaDle  3).   Genetic  factors  from 
Table  3.   The  frequency  of  transmission  of  Saccharum  genetic  factors  in  M,.   a- 

■ genecic  ractors  in  the  pedigrees  of  17  CP  varieties. 

Variety 


CP  50 

CP  52 

CP  56 

CP  56 

CP  57 

CP  57- 

CP  57- 

CP  57- 

CP  59- 

CP  59- 

CP  62- 

CP  63- 

CP  63- 

CP  65- 

CP  68- 

CP  68- 

CP  70- 


-28 

-68 

-59 

-63 

-120 

-526 

-603 

-614 

-50 

-73 

-374 

-306 

-588 

■357 

1026 

1067 

1133 


officinarum 

9 
15 
20 
10 
8 
26 
19 
50 
33 
16 
44 
11 
38 
24 
46 
31 
10 


S. 

barberi 


S_.    spontaneum 
Java  India 


Sinense 


4 
4 
4 
3 
2 
4 
5 
10 
6 
5 
6 
5 
8 
9 
8 
7 
3 


1 
1 
3 
1 
1 
3 
3 
7 
4 
1 

6 

1 

4 

2 

6 

4 

1 


^Okinawa  Tekcha;  **Hawaiian  Uba 


1 
2 

1 
2 
1 

3 

2 
2 
4 
2 
3 
4 
4 
2 
1 


1* 

1** 

1* 

1* 


2* 

1* 
1* 


SfS^  ^^^:-^^lT^t^TT1-SSeS   "  "  — eration  hybrids. 
Also  two  forms  of  S.  spontaneum  entered  the  pedigree  of  afi  ^V^^'  ~    ^^^   and  S.  barberi. 
which  only  had  the  JavTTW^f  S.  spontaneum   S   1 1?   varietle^  except  CP  56-59  and  CP  57-603, 
POJ  2364  (the  first-generation  hybrffo^^^Ar^ih^f^1/33  tranSmitted  in  the  pedigrees  through 
^£taneum)  and  through  either  Co  205  a   I   L    °   generation  hybrid  of  the  Java  form  of  S. 

pedigrees.   S.  sinense  has  produced  a  few  of  its  der^M    ^   f  SP°ntaneum  was  transmitted  in  the 
CP  57-526  variety  received  its  S  liLltl  derivatives  that  have  yielded  useful  CP  varieties   The 

CP  52-68,  CP  57-614,  CP  6 2-  Sj.VslSff  ^VaiM^rT^   ^  *«<'"  Six  other  varieties,' 
transmitted  through  CP  40   The  s  h«  K   ■    68"1026'  and  CP  68-1067  had  S.  sinense  in  their  ancestrv 
POJ  213  or  Co  213   The  POJ  v^L^T^  7 *   transm±tted  to  the  CP  varierieT^hr^ugh  POJ  43  POJ  ill 
beri,  and  the  noble  cIVe^C  e ^"S^r^V^6"  T"™''    °f  *"  ^^  ^ o/f.    bf  I 
produce  Co  213.   Table  3  is  the  su«rv'of  1        backcrossed  to  another  Saretha  variety,  KaniarTTo 
of  the  CP  varieties.   The  frequencHf  trfnf   freqU6ncy  of  transmissions  of  each  species  in  pedigrees 
CP  varieties  and  the  various  £0 Tel   of  Sa^W  ZelLT^L^   "V??"  °f  PathS  ^^onnect 
species  involved,  the  more  complex  the  'varieties  w      "   Tf   ^     I   ^  fre(5uencv  and  the  more  the 
sidered,  CP  62-374  and  CP  68-1S26  are  the  most  comnlL  V   ^  ^^   SaCcharum  cl°™*   are  con- 

CP  65-357  and  CP  68-1067  are  the  ne   „at   c0mpleTvar  JtSf ""  """*   ^  ^^^   StUdied-   CP  63~588' 
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•   •     „*  oa^h  =nPries  do  not  indicate  the  relative  amount  of  genetic 
The  frequency  of  ™smlssl0f  .^"^J^ree  of  each  variety.   The  theoretical  percentage  of 
factors  that  have  been  transmitted  in  the  Pedigree  of  each  ™£^       reduced  one_half  (1/2)  of  its 
genetic  factors  from  Saccharum  «b  calculated   r  m  he  as  ump *™   *  qt   rf  genetic  factors  was  £ 

genetic  factors  from  one  generation  to  the  next  (14)         3  iTnportant  contributor  (an  average  of 

officinarum  (an  average  of  52.5%)  with  S.  barberi  (   average  of  28.6%)  among 

TcTc^—Iowever,  the  genetic  actors  from  unknown  parents  were  v  y   g  ^  ^^  should 

those  11  varieties  originated  from  an  open-cross  p^  || or  p  y  backcrosses  and  modern  vari- 

be  remembered  that  a  chromosome  increase  accompanies  =«£«  "^ genetics  (16,  17).   Furthermore, 
eties  have  very  high  aneuploid  chromosome  number  J  "^"J^f  and  the"  parents.   Chromosome  trans- 

mission  of  the  genetic  factors  of  these  varieties, 


Table  *   The  theoretical  percentage  (%)  of  transmission  of  Saccharum  genetic  factors  in  the 

pedigrees  of  17  CP  varieties. . 

"      ~"~  „  g  S_-  spontaneum  £.■ 

Variety  omclnarum         .^^^^J^^^^^^^^jl^^ 


Un- 
known 


CP  50-28 
CP  52-68 
CP  56-59+ 
CP  56-63+ 
CP  57-120 
CP  57-526+ 
CP  57-603+ 
CP  57-614+ 
CP  59-50 
CP  59-73 
CP  62-374+ 
CP  63-306 
CP  63-588+ 
CP  65-357 
CP  68-1026+ 
CP  68-1067+ 
CP  70-1133+ 
Average 


56.2 

60.9 

45.7 

45.3 

59.4 

32.2 

33.6 

65.2 

64.8 

64.1 

68.4 

54.7 

56.6 

62.1 

52.7 

48.1 

22.8 

52.5 


25.0 

21.9 

20. 

21. 

18. 

10. 

13, 

23.3 

20.3 

25.0 

18.0 

25.0 

17.6 

21.1 

14.8 

16.0 

10.9 

19.0 


3.1 
1.6 
2.7 
1.6 
15.6 
1.6 
3.1 
5, 
5 
4 
6 
3 
10 
3 
4 
2 


0.8 

4.5 


3.1 

9.4 

6.2 
6.2 
1.6 

3.9 
3.1 
6.2 
5.5 
4.7 
3.1 
8.6 
2.0 
5.5 
3.1 
(4.8) 


6.2* 

1.6** 
1.6* 

1.5* 


4.7* 
0.8* 
3.1* 

(2.2) 


12.6 

31.3 
25.0 

52.1 
50.0 

6.2 


12, 
12. 


25.0 

25.0 

62.5 

(28.6) 


;  oSinateffrom  an^rc-ss^  ..  or  through  ancestral  parents. 

No  known  S.  r^m.  clones  are  contained  in  the  pedigr  -sof  these  17  CPvarietj  es .   ^species 
was  used  extensively  in  the  crossing  program  at  Canal  Point  station  in  something  other 

(personal  communication)  has  long  considered  CP  36-138  ^rystalina  X  ZS       >        =  However, 

nan  8  -«i|tegf / i8SgSg.( ^so ^S-StoSbS'JSdS  fSS-  -ith  2-  =  SO.rather  than 
27=  112   £  chromosome  count  confirmed  suspicions  suggested  by  morphological  observations. 

Among  CP  29-116,  CP  36-105  and  CP  44-101,  which  were  mentioned  by  Stokes  ^^^^^lopLnt 
most  extensively  used  CP  varieties  ^  Louisiana  only  CP  36  105  was  used      P   ^_^   ^  ^^  ^ 
of  new  CP  varieties  for  Florida  including  CP  56-63  CP  65-357  and  LP  /u  both 

•  ,.    r-o  (.z.    i<w  which  was  released  in  Louisiana  in  iy/J,  is  gdj-u-Lug,         a 
important  variety.   CP  65-357,  which  was  rexea        „tubblinK  ability  and  moderate  cold  tolerance. 
Louisiana  and  Florida  because  of  its  high  yield  good  st ubbling  a bi   y        potentiality  of  the 
CP  70-1133  was  released  in  1977;  therefore,  it  is  still  too  early  to  judge     P 
variety. 

k   survev  of  the  Pedi8ree  c«  (H«.  U  *~£*£?%£?£?ZXZ   Co  SSL'S." 
Canal  Point  uere  predominantly  fro.  two  major  sources,  P0J  varieties  iron, 
India.  As  „e»  CP  varieties  beca«  available,  the,  were  used  as  parents  £«£££      used      . 

s-p =srr«5»-  rr^.'Yr'IF =H     °  -  °—  wlety 

based  on  the  number  of  times  it  appears  in  the  pedigrees  of  these  varieties. 

Stokes  and  Tysdal  (24)  found  that  only  *^*££t™£Z2£   £  SlS^S  stlfamount 
varieties  and  questioned  whether  progress  in  the  breed!    -  «   y  \   narrow  g^netic  base  still 
of  divergent  germ  plasm.   The  present  review  indicates  that  concern  f™  (  ■*   x   and  Table  4) . 

exists  and  that  some  of  the  new  varieties  have  reached  high  level  o  £^fnf    ^     .   Several 
The  current  breeding  program  is  emphasizing  ^e  utilization  of  ^J^™^  b*eeding  program. 
different  clones  of  S.  spontaneum  have  been  used  as  parents  in  ^  foundation 

Thi*  nroeram  is  expected  to  broaden  the  genetic  base  of  future  CP  breeding  lines  a 
for  another  major  advance  in  productivity  and  adaptability  in  the  next  two  decades. 
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Intergeneric  crosses  are  also  being  made  bv  C  0  Gra^l  rnBrc™„i        ■    .   x 
genetic  base  of  future  parental  clones  Ld  to  possibly  a5d  useful       communication)  to  enlarge  the 
used  wild  relatives  of  Saccharum  which  include  Miscanthus  Sinidinf  t  A   I   5        ^^  Saccha™-    He  has 
hybrids  between  cultivated  canes  and  wild  reia^fvlf^se^r^'     ^erostachya,  to  produce 
zation  program  because  they  are  steril (5  6)   howler ^f^ybrids  cannot  be  directly  used  in  the  nobili- 
chromosome  numbers  in  an  attempt  to  overcome  this  blrrler  laments  are  being  used  to  double 


SUMMARY 


with  the  Crop  science  Society  of  America       S  ancestrv  of  J M  ™"etles-   '""eeo  were  registered 

Saccharum  off icinarum,   s.   spontanea,  and's     barberi       Lit  f     ™"««»  "«"■  •>"<*  to  3  species: 

Java  form  of   S.    spontanenm'.as   transmitted   in  the  pedS«e,  Sronlh  PM  Zl       T  *!;. JEffiSSg-     A 
potammwas    transmitted    in   the   pedigrees    throughlSSr  cf        t     Co   20     "Ibe'cpl^y0™  *,~ 

nsis&fi&sfcSss  frCpHaef  joo^.dwrreas  si*  °cb"h  -*•"*"-£  ™£ry 
Kr^r-  ,2-  i  ^  r  ™ia  lo^cP^rLi-srsr^:^  a  — 
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FIELD  PLANTING  OF  SHORT  SUGARCANE  SEED  PIECES  IN  LOUISIANA  -1 

G.  T.  A.  Benda,  H.  P.  Fanguy,  J.  E.  Irvine,  and  R.  D.  Breaux 
U.S.  Sugarcane  Field  Laboratory 
Agricultural  Research,  Science  &  Education  Administration,  USDA 
Houma,  Louisiana   70361 


ABSTRACT 

^nani—Hut^  «**   —   cane.      ,e   seed   cane    is 

furrow,    either  manually   or  mechanically        Zch^tJ     ^      l*       t  Wag°nS'    and    then  distributed   to   the 

the  difficulty  growers'haveTobtain^  a^nifo^  i fiSSoJ'S  s'eVSneTthel Y  ^f  ^T"  * 
crooked  seed  cane.  These  problems  may  be  avoided  with  short  seed  pieces  but  it  ±t  ZT  Z,  ■ "  ^T"8 
plantings   of   short   seed  pieces  would  not   survive   the  Louisiana  winter       L~a  I  Y  belleved    that 

five   varieties   and   plantings    in   five  month*   of   f„,r,„  winter.      Based   on   five   experiments    involving 

planter.      Cane   planted   using   short   seed   pieces    (9    to    U   WW  either  hand    cut   or   cut   by  an  Australian 

not   yield   as   well   as   cane   planted   usine  Zhrit\ll,t  .    T  gth)    CUt   by   a   COmMne   harvester   does 

the  harvester.  ?  §  Wh°l6   StalkS'    aPPare«ly   because   of   damage  done   to   the   seed   piece  by 


INTRODUCTION 


J.n».t  under  conditions      hat   ~™i      the   »ro«h   of   nath      '    "P*""11?  "he°  P1™""    l»t«    in   the  year,    lie, 
•  talks  provide   the  „axi™  JX7S  £tdtZ«*lpll^,*Z\j£  27         *a  ™" .  ^"'»°<1«  P'««"   '»  »«»le 
nu„b.r  of   wounds    to   serve  as  foci   of  new  Infections      "he   stored     foS        T,  °£Il"f«<="°»'   ««"    the  .inimu. 
the  development  of  yo„„g  shoots  onder  favoSl.lo.ditSna^d'lav^   ZT^llllTjTT^T^'  ""^ 

M.iiTSXSTSS'^Si'SSS'.s  LIT"  :„thf"hole  ?"lke'  -h""=  »« '° «-  —  tropical 

ago  (2,4)  indicated  that,  due  o  In  teased  survival  d„  ,„",,„   •  "*"•  ^P'™".!  results  obtained  years 
.hole  stalks  or  .hole  stalks  cut  in  ^S^^^^Z%^^ZZ£*2i   paeT  ""' 

even  when  cut  from  crooked  stalks!  one-fourth  of  a  stalk  generally  separate  readily, 

ratiof^sr^erpL^r^the^^rs  ^^z^str^r juiy  r eariy  Au§ust  ^  ^^ 

pieces    (3)    indicated    that   a   four-fold    w™  harvested)    may  be   4   or    less.      The   results   with   6-inch   seed 

flashed,    have   ^£ZJXJ?Z? pSc.^nreKJle   Z^^TZ£XZ££!.. 

and  lllllltl  lllTllTl"ZXT  ZTT'T^  whlcf  thVlcld  fc"  eeed  p'—  ("  «<• 20  "><=""  ^»«» 


MATERIALS  AND  METHODS 


Sugarcane  stalks  of  five  varieties  (CP  48-103,  CP  52-68,  CP  61-37   CP  65-357  3nd  T  f,?   qm 
planting  material.   All  seed  cane  wa*  f^u  „r„,m    c   j  ,  62-96)  were  used  as 

vesters,  or  by  combine  harvest X^^'cSS.   SS  Z^^JZ^^^Z^ 


-     A  contribution  from  AR,  SEA,  USDA  in  cooperation  with  the  Louisiana  Agricultural  Station. 
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h      thp  Don  Planter     or  by   a  hand-operated 
10,l')        Seed   pieces  were   prepared   by   the   combine   "»""""•    °*ed      all   seed   eane  and   seed   pieces  were 
^ged'knlfe  blade   ^nd-cut  se^  pieces         hale       ^er.rs     noted,f   ^^   ^   ^   m  „]ecte, 

SStrr S^Ti-sTor ^-'-e  were  Leaned  of   leafy  materia! . 

411    experiments   were   planted    at   or   ^^.^T^   ™  ^  ^    "W^  -» 

cane  was   planted   according   to    the   standard  Louisiana  syste  S  ^^      The   rows   were   op       d 

16   to   80  Let    long    (including  walkways      per   row  and    1    to   3   rows    I  ^  by   ^  ^  „   or  by 

with  a  V-shaped   opening  plow.      The   seed   pieces  were  placed   in  ^  by  hand    t<>  end_t     end 

I.      j  ,o    r„    Up   end-to-end   or   to    include   gaps,    the  wnoie  »  r  number   0f   running   stalks 

Soar  gaps^ovSLp.     The  pleating  rate  Is  djfl-J  ^-^  ££,« andTiaeVslde .     The  planted 
Ranted  lide-by-slde  or  eneivalent   cane   rn  ^«  f  controlled-dep.l,   (CoDe)   covering   tool 

lzz:«r«?£*  ^iTzr^z  --rs-7*  .a™*-  -* .  disc  en« c».. ... 

The  soil  was  not  packed  after  covering. 


m.    ,     Coatrolled-depth   <0o0e,   c^erlng  tool   to  ad.es,   £ >**%?« ££L»ZZZ  £l£?2 
rS^bde-tSed^e^  r^es^s/soll   *-.  »  -  «~- 

caltaral   practices,   coltlvatloa  and  application  of   -^^^^^^  S^ctS. 
ISrroaJr^^rrjrrega^L^^tSVeptn  ef  cover  after  pleating. 


Billable  stalks  were  coaated   la  late  Aagnst  or  early  September. 


r^caae  was  harvested  In  member  or  earl,  December  by  catting  J^-^^JSf-  V^lo, 
vested  by  soldier  harvester,  the  other  experiments  vere  J»™*"~  »  ,  2>  a„d  4,  the  cat  cane  of  each  plot 
IS  washed  on  the  "heap  row     to  remove     he  t     s^I.  E* ,«-   _   ^  .    ^  _  estlmated   £ro„  the  „„- 

£  "SS^^  "~  Serfage  stalk  weight  of   the   15-stala  sample. 

.        „,   ,,  8talts  „ere   taken   from  each  plot,    weighed   and   crashed   once    throagh  a 

3-roller^.pirmiri.tSihe7elce  ^'aaal^d    to  determine   app.reat    sacrose    (..»  . 

me  resalts  were  a.alyred  aslng  the  method  appropriate   to   th ^"^/TaT  «££. 

blocks,    simple   factorial,    split   plot,    or   split-split   plo 
varied    from  4   to   6   among   experiments. 


that  may   also  be   suitable. 
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EXPERIMENTAL   PROCEDURES   AND   RESULTS 

Experiment    1 

whole   stalks   and   equals    1   or   1/2   for  13-inch  se J pieces)    ra!?;°f  .Plantinf/Pl«ting   rate   equals    2   for 
replications.  Se6d   Pleces->  •      pl°t   size   was   24  x   18   ft,    and    there  were   four 

third^tubble   tocSl^^'^'^lt^^TV^    "rSt   StUbble   f°r  CP   65"357   - 
3.8   ft,    depending   on  variety.  8e   Stalk   length   for    the  July   Planting   ranged   from  2.2   to 

plantMlntir'e^  SI^^'^^oTS?   ^r   °f  —   ""*«*■      "«<  *"  **J 

Planted   plots   were   treated   with   sfcnazine      1  The   ledYonul    Y   Y  ^^   P1^8'    the   ^ 

between   the   rows,    and   it  was   necessary   to  cultivate  before  In?     T  *  Very  heaVy'    e«P«ially 

following    this   planting.  cultivate   before   the  October   planting.      No   herbicide  was   applied 

with  toTe^alS^^  with^Y^  ^^  P"""  f«  *«"  ^ d 

planting  date,  only  two  of  the  nine  comparison,  *«  «?   p    \   13-xnch  pieces  of  the  same  variety  and 
Planting  rate.   The  plots  planted  with  13-inch  seed  tllc^T^  dUf^\^^    the  differences  in 
October  yielded  significantly  less  than  L^T^ESr^^rS-S^tl  Z^lS^T"   *" 

of  plLISg^:  and^ed  ^LT^I^S*1^  vie'lff  T^  7"  ^  ^"^  "*""- 
of  CP  61-37  in  October  is  the  single  except  ion"  these  *vJ?J  J  ^  P  ?'"  Plant6d  Wlth  13~inch  seed  Pie"s 
the  other  plots  planted  with  CP  61-37  (Tail   not  snownY       significantly  less  sugar  per  ton  of  cane  than 


Experiment  2 


-t-^g^^i^i^^rsjsj-^^^  «•  vartion  in  the  depth  °f  soii 

seed   pieces   11    inches   in   length,    combine! cl     seed   pel  )      T e  p  antt .T"41™   ^^^   StalkS'   ^"^ 
The   subplot   size  was   22  x   18  ft,    and   there  were  6   repScakoS?   Pla°tln8   rate  Was  con^ant   and   equal    to  3. 

The  bSietTrrr:  ^ras  ^Sir.^^^^srcSi'  Experimer stati- st- 

vested   by  a   soldier-type  harvester  was   used   for  whoY^lLYd   J^d^^^/^"'      ^   har~ 

piecesTthirSgedlJoml   ^tcheTin   lenif  ^an   '    "*"    Y   *   ™   sample   of   231 
When  67  seed   pieces   less   than  6   inches   i  i  leSS  Lrl    5-  IT  n°de  nUmber  °f   1'7  Per   seed   Piece- 

inches   in   length,      .en  pXanted, ^^d^an^^^^^^  —aged   11 

peratures   and   a  minimum  air   temperature   of    19°  T.  followed;    there  were   repeated    low  tem- 

for   tfa;heS:e^^g\n^8?2%?awnf;h:arLe:ted•      ^   ^^  WaS   Wei8hed   and   ^^   "^   *»**.    and   no   correction 

inchergrfignSiLltly^fetr^t:  ^SoS  ^  f '    'Y'    ""  "^  Pl°tS  C°Vered   t0  a  dePth  «*  5 
with  combine-cut   seed   cane  had   significant^   f^Tl    V  ^  °f   2   lnCheS'    3nd    the   SubPlots   Panted 
hand-cut   seed   pieces.      The  average  n^er"  of  fhoots     ?ftho         ?°8e   plmted  With  Wh°le   Stalks   and  with 
Pieces   and   combine-cut   seed   piecL  were  callu  at* Tio  be  *S  6       9  oYndT)  *°«    T^'    ^"^   ^ 

cover,   and    12.9,    12.6  and  6.0,    respectively,    for   the  5 -inch 'cover  '    r6SpeCtlve1^    for   the   ^-h 

betweeTthel-in^h  Ind   ^e^^L^"^:   ^    *?   "^   ^   dlff—   in  —   P1"* 
for   seed   preparation  were  highly   Significant Yabte   5?      £5*   Y^   preparation  was   significant.      The   results 
seed   pieces-both   in   tons   pef  ar  per  acre       lH  iT  f  ^   *"  Pl°tS  planted  With  c-bine-cut 

hand-cut    11-inch  seed  piece's  did   not  difftr  signif Lastly  "  P     tS  Plant6d  W±th  Whole   Stalks   and 


-42- 


Table  1.   Yield  of  sugar  (lbs/acre)  as^a  func 
planting  rate  (Experiment  1) 

July  24 


tion  of  date  of  planting,  variety,  seed  preparation  and 


Cane 

planted  Planting 


rate 


CP  61-37  CP65-357  L  62-96   CP  61 


-37  CP  65-357  L  62-96   CP  61-37  CP  65-357  L  62-96 


506 


5  Cf   5697  ce   6767  be    2757  hi 


2     5715  cdI/  74oo  b    5032  cf   6753  be   9022  a 

l     5242  ef   6565  be   4560  dg   5274  ef   6195  M    *396eh   4193  eb   3158  gi    1880  1 


Whole 
stalk 

Seed  piece 
(Hand-cut 
13  in.) 

Seed  piece   1/2   5059  cf   5456  ce   3638  fh   5534  ce 

(Hand-cut 

13  in.) 


5203  cf    2882  gi   4363  eh   3133  gi 


1633  i 


-/  Harvested  on  December  4,  1974. 

5%  level  of  probability;  only  the  first  and  last  letter 
more  than  two  letters  follow  a  mean. 


Table  2.   Comparison  of  yield  from  cane  (CP  61-37)  planted  as  wh 
or  combine  harvester  (Experiment  2-  . 


ole  stalks  and  as  seed  pieces  prepared  by  hand 


Seed  piece 
Hand-cut  (11  in.) 

Combine-cut  (ave.  9  in.) 


29.8  a 
22.2  b 


218  a 


218  a 
214  a 


6455  a 


6502  a 
4762  b 


y   Planted  September  1,  1976;  Harvested  December  14,  197  7. 
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oe«„lMo  fr„  the  „elgnt  of  I5-stalt  smp^  ^^^T^^T^SST  "^  "^  " 

Experiment   3 

d^tirs^r^'pjssii^;  rsrj-sis  ■£  i^r^  pi°1t  in  which  the  bi°cks  «« *- 

winter  or  not,  and  the  subplots  were  planted  with  whole  stalks  Sth  en h     "^  T   ^  drl11  bef°re 

pieces  hand-cut  to  be  7,  12.7,  or  19.6  inches  in  length-  tS*  I    combine-cut  seed  pieces,  or  with  seed 
13,  or  20  inches,  respectively.   The  variety  used  was  CP  la   in     "S  T*  P^8  ^  be  referred  t0  as  7, 

5  replications.   All  plots  were  hand-planted"  at  a  planting  rate  equ^l  llV         ""  20  X  18  ft  Md  the~  we~ 

by  Jr j^^sstl's  ofarrcsLebdina:  ess:  j™?;  *»**«  —  -— -  •«-* 

or  by  a  commercial  soldier-type  harvester   The  S from  the    ^  ^  EnSineering  Co.,  Thibodaux,  La.) 

.r^t^tL-ssr- The  6"ft  stalks «  *  £  -sls^.ss^  ~ -j- -^ 

^Tin^er^r  ^J^t^^^^?M«^™   «  d*~  cultivator  to  give  an  approx- 
lowing  planting.   Half  of  the  latter  plols  had  about  2   ^"V?0*  ^  ^  "  CWer  of  !  °r  2  "ches  foL 
disc  cultivator.  P        about  2  lnches  of  loose  soil  added  December  5,  1974,  with  a 

Millable  stalks  in  all  plots  were  counted  Aueust  29   1Q7S  ar„i  is  .  -., 

sugar  content  were  taken  from  each  plot  after  hand-harvest  ill  r  I         I        }\   samPles  for  stalk  weight  and 
acre  were  estimated  from  the  millable  stalk  number  and  from  fh.  ^      Y±eld  °f  cane  and  SUSar  Per 

the  15-stalk  sample.  3nd  fr°m  the  aver*ge  stalk  weight  and  sucrose  content  of 

It  ls  no,  too™  whether  the  ,lld  „!„,£  ™.  rLJonsiblo  ft  thL^sol"   '  "1"1"~  a"  '"»""«"  °f  "'  ,; 

cover— nsr jr  jtsssls  tssff s  ~-°p -—  -  ars^-^i 

6485   lbs,    respectively.      The   differences8   ^ar/ton""^  we^e^  SS^"*   ""   ^"^   ^    "»»   ^ 

plantS^n^bine^ut   S^^cefySLflnlf Lntl *?   "*  ^   V*   '*   *°"   *»  ^   3'      P1°tS 
stalks    in   cane  per   acre,    suga/pe        o  sugfr  per   acre        S  f"  "^  ^f^   SSed   PleCeS   or  wh<^ 

hand-cut   seed   pieces   and   whole   stalks   were  noTsignlf  icantiy   different        Jw    'T^T'    ^   Pl°tS   Planted   with 
cut    seed   pieces    (7    inch)    had   significantly   le   s  a  L  "     ,    Plots   planted  with   the    shortest   hand- 

in   sugar   per   ton  among   plots   planted   with^cufseed  pieces    (7   T3  anfzo        V^'    '^    ^   diffe~ 
highest   yields    in   sugar   per   acre  were   obtained    in  „ W        i      !Y    •    t     I  ?  lnches)    were   not    significant.      Th 

the   yield    from  plots   planted  with  hand-cut    se  d   pie'      s   y'and   13  SLl  f  V^   "*    ^   ^^   ^   ^^ 

seea   pieces    /   and    13   inches    in   length   were   significantly   less. 


The 


Experiment   4 


plantfr^hole^tatL^  C°"*lete   '«J«^   "«*   in   which   yields    from  plots 

Pieces   about    14   inches    in   length        The   Led \llc.t       "*"   ^fl    to  ^ields    f™  Plots   planted   with   seed 
-s,    both   less   than   that    *£  1^^/^^^   £   SiTS   g.?  S  5=.^   J^SSt.. 

opened^y^he  SoTpiln^rf^Thfp^  nter^sX'Sd^    T^ '      ^ -^    ^   ^   ^'   ^^   ^e 
most  distant   position  and  by  use  of   the  hydraulic   ttZ  ?   f  V   '   r"86   by  m°Vlng   the   guide   wheels    to   ^heir 

P-ntet  baae   flrst,    the   top   end,   of    the  ^^^%iZ^LlZlll\ZeT.    B^Z  -JtiS'L. 
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(CV   48  103)  Planted  as  whole  stalks  or  as  seed  pieces  prepared  by  hand 

Table  3.   Estimated  yield  from  cane  (CP  48-lim  plantea  

or bine  harvester  (Experiment  3)-  ■ . 


Cane 

planted 

as 


Whole  stalk 


Planting 
rate 


2/ 
31.8  ab^' 


Sugar  in 
cane 
(lb/t) 

253.2  a 


Sugar 
(lb/a) 

8055  a 


Seed  piece 
Hand-cut 
(20  in.) 

(13  in.) 

(7  in.) 

Combine-cut 
(ave.    14    in.) 


32.5  a 
28.2  b 
25.2  b 

20.2  c 


II   Planted  October  7  and  8,  1973;  harvested  December  5,  1974 


249.9  ab 

244.8  abc 
240.1  be 

236.3  c 


8107  a 
6895  b 
6041  b 

4797  c 


U   Column  means  followed  by  the  same 


letter  are  not  significantly  different  at  the  5%  level  of  probability. 


(cv    5?  68)  planted  as  whole  stalks  and  as  seed  cut  and  planted  by 

Table  4.   Comparison  of  yields  from  cane^CP  52-68)  planted 

the  Don  Planter  (Experiment  4)-  ■        .  _ ----- 


Whole  stalks 
entire 

halved 


Sugar 
(lb/a) 


6637  a 
6070  ab 


Seed  pieces 
(Don  Planter) 


y   Planted  October  17,  1972;  harvested  December  6,  1973 


-I    Column  means  followed  by  the 


same  letter  are  not  significantly  different  at  the  5%  level  of  probability. 


(cv   fil  ^7)  planted  as  whole  stalks  and  as  seed  pieces  prepared  by  a 

Table  5.   Estimated  yield  from  cane  (CP  61^7)  planted  as 

combine  harvester  (Experiment  5)-  ■ . — 

■ '  r'-j.-.-^oi-Q^      Siip^r  in 

Sugar 


Cane 

planted 

as 


Soil 
cover 


Planting 
rate 


Estimated 
cane 


Whole  stalk 


Seed  piece 
(Ave.  11  in.) 


Light^-7 


Light 
Deep 


24.8  c 
26.4  c 


(lb/t) 

(lb/a) 

218  a 

11676  ab 

219  a 

12006  a 

225  a 

9091  b 

217  a 

5388  c 

212  a 

5588  c 

y   Planted  December  13,  1974;  harvested  November  18,  1975. 

1/  Llg„t  cove,  U...3  ,*  of  son  after  pla„U»S.  •-  <-»  ^  jTZ   «  U«l  -  ,«*— 

1'  Col—  „ea„s  followed  Vy  the  sa»e  letter  are  not  stgoificvtU  different 
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s   yielded   sig- 
in 
worse 


UToZ  ^Ji^SL^^^S  XS^t.-tSLT;  f  r ing  of  the  seed  —  with  two 

the   planting   rate   was   obviously  more     ban   1   but   Ss  n 7       w      U   When  bo?   perSOns   fed   simultaneously, 

sheaths   and   blades   of    the   seed    cane   caused    any^hLicaT  UleTL^^tn^^    *"   ^'^    *~* 

of tbf •^s^t.rjs^ri^^rs- 2 ST^a^r two  — staiks-  - « 
-ifi^a^t.S'tSrs.rs^  s^rSnS'LS'pS0*'  p^nted.  with  uncut  whoie  «•*•  *•"• 

sugar  per  acre.   The  stalks  that  had  been  cut  once  wer/,   ^   ^  D°n  ?lanter'  b°th  ln  cane  a»d 
than  uncut  whole  stalks,  nor  significant  better  tha   t£  h^h    ?  ln-yleld'  ^^  si^ific-tly 
both  stalk  treatments  were  significantly  better  in  vJe\d  thl  ^  "  T™g   "<*  With  the  Don  Planter- 
lower  planting  rate.   Sugar  per  ton  of  Lne  III  ^Z££^A*^™   trl'mltT^  "  *» 

Experiment  5 
The  plot  size  „as  16  *  6  ft,  J  ther.  ^f 4\epl"  S„ns  p\1  trS^r  °°  "'  S°"  C°V"  """  "la"""«- 

manufacturer);  whole  stalks  were  harvested  by  hand.       *«guson  Model  102  modified  for  Louisiana  by  the 

The  combine-cut  seed  pieces  had  an  average  length  of  10  7  -in,^     a 
inches.   The  average  node  number  per  seed  piece  was  19  J!h        '  f  J  *   ^^    fT°m    lesS  than  4  t0  " 
there  were  1.6  undamaged  buds  per  seed  piece!  '      *  ^  of  °  to  5  n°des.   On  the  average, 


-  ?s=yj.-„s  -  •&"£■-£  ^r«  r^  s-s-y.  -  «yj  -sir 


3  to  4  inches. 


a 


tely 


Millable  stalks  were  counted  Aueust  ?8   1Q7S   ,„,i  n. 
yields  were  estimated  from  the  millable  staik  number  J thp3"6  ""  ^T^   and  satnPled  °"  November  18.   The 
15-stalk  sample.  nUmber  and  the  average  stalk  weight  and  sucrose  content  of  the 

with  fo^ut^eeTp^cel   %?£  ^^S^  ZUllTT^   l™   *'   *"   ^   P— 

There  were  no  significant  differences  in  yiefd  a  a  result  of  the    i  ? '?  Plantln8  rate  °f  2  or  1  (Table  5). 
following  planting.   The  poor  germination  and  stand       t    the  smal   differences  in  depth  of  soil  cover 
responsible  for  this  reduction  in  yield   the  sugar  per  ton  of'       !"?  COmMne-cut  seed  Pieces  were 
significantly  different  when  cane  Lorn  combing  KceVanl  TrL^LT^lkT^l   J££?  ""  ^ 

DISCUSSION 
The  effect  of  varieties  on  yield  (Table  1)  is  well  known  and  not  directly  pertinent  to  this  investigation 

-^.^t^d^^^fSr^^c^S^^t?1  ^  T~"  -   ^   P^-ti-.  seed 
primarily  through  stalk  number  and  not  throLhlverafe  ltl]?t   -^  Thes\factors  a"  likely  to  affect  yield 
however,  a  poor  stand  may  increase  the  chance  of  Lrvival  of  late  tin"    ^  ■  ^  ^  °f  SUgar  P6r  ^ 
.ore  trash,  and  this  can  reduce  the  level  of  s^^t^^^^-^J-^l^^^ 

prepared6  "^tl^ESSSS^JjSS  2^  Stf^ "   "^  P—  ^  —  Po- 
rthole stalks  (Tables  2,  3,  5);  in  these       mn     M   £    P       Wlth  Seed  pieCSS  CUt  ^  hand  or  with 
seed  pieces,  besides  their  short  length   sEow  T  0'  P™   a  •  T!  "^  ""  '  Varlable'   ^  combine-cut 
probably  its  result  (1)-  the  October  S  n    obvious  mechanical  damage,  and  their  relatively  poor  yield  is 
nerabillty  of  the  damaged  seed  pieces  ?   ^  (Expe™ts  3  and  5)  no  doubt  increased  the  vul- 


ficantl  lPeLt\ELa^\1s  'p  ah:^°\  Sin6  a  V:hoSl  ^ f^0^  ^^^  C?W'  4)  ^  ^^   ^   gelded  signi- 
with  the  Don  Planter  were  discontinued  when  the  viel \l*   S  ^r^'  hi8her  Plant-8  »f.   Experiments 
results  suggest,  however,  that  the  Don  Planter  is  better  tnan  the    K   -  advantage  in  planting  rate.   Thes 
pieces  mechanically.  better  than  the  combine  harvester  in  preparing  viable  seed 
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Pa„d-cot  see,  pieces,  1.  to  20  ^*±+-£?%^X2l?Z   Sp^enff^U 

yielded  as  well  as  whole  stalks  (Tables  2,  3  .   ^eed  pieces      y       ^  ^^  or  four_fold  the 

sssssjsss  s — -  ■•  ■•'•  ■-  -  -  ■ ■  • 

•  (--ioc  (71  •  a  Door  performance  of  October- 
The  influence  of  planting  date  on  yield  «^  «  e  ies  U,^.  pl        ,  „,  le  stalks 

a-SLt  £^^5  ££  Si,  5^  K  -es  o/pla,tin8  ™  ^ ^^   „ 

When  the  planting  rate  varied  (Tables  1 ,  4 ,  5)  ,  the  plots  g«J«  differences  were  not  always 
l?^tl^t£   ^/LS^ST-SS  Soil  Su*.  -  seed  pieces  are  pi.nted  at 

the  lower  rate. 

i    •     *v   affect  the  stalk  population  in  the  spring  (Experiment 
The  depth  of  soil  cover  after  planting  may  affect  t         P1iRhter  cover  favored  better  stand 
2)  and  fh  yield  in  the  fall  (Experiment  3)  .   In  these  ^xpe  i-nt   lighter  ^      ^^  ,     3   he 
and  yield.   Even  with  differences  in  soil  cover  as  tnarkec a ^       significant  (at  5%  probability 
interaction  of  soil  cover  and  seed  preparation  was  not  atactica  J^^  f  __,  in  depth  of  soil 

S.  f  £\£3=.?1  raf^P^t^f-ro/yield  (Table  5)  . 

In  the  last  several  years,  with  rain  preceding ^^^^^^t^^t  £^ 
the  winter  has  shown  excellent  germination  in the  sPri"f;  ^   (Experiment  2)  has  shown  no  beneficial 
addition  of  soil  to  cane  which  was  ligh tly  covered  a plan g ^  ^  tt    ±t   does  0   r  to  the 

effect  on  yield.   Although  severe  cold  fol ^  a  ^  £efore  the  onset  of  winter  may  be  worthwhile 
rnfuraTce  ^r^S"^  ^fof  cane  lightly  covered  at  planting. 

The  results  obtained  in  the  present  ^^^^^^^^iJS^^SSSd 
drawn  from  previous  research.   In  the  experiments  ^Arceneaux  ,J  ^  ^^ 

Senses;  ss£  &.£? d-  -S  ^r8-r^i£nsrL„:  s£-r  £=■*. 

ACKNOWLEDGMENTS 

The  authors  thank  Mr.  Calvin  Burleigh  and  the  ^^^^^tt^^S^^^ 
support  in  land,  labor  and  equipment.   Seed  cane  was  donated  by  Wilkinson,  Jr.  supplied 

ll»t    Station  South  Coast  Corporation,  and  Southdown  Corporation.  Planter,  and  Mr. 

theVof   combine  harvester,  the  M  &  L  ?"™J^^'£-£^Z»   of  Cane  Machinery  and 
Lonnie  Lyons  helped  us  to  adapt  it  to  ^J^/^f^^uction  of  the  controlled-depth  covering 
SiTS  ^^S^TS^  SEE"-  laboratory ,  contributed  to  its  design. 


REFERENCES 
,    W.   L978.   Tests  she.  niUe,  pU.t.r  sonnd  nnf  can  te  -ptoved.   Cane  Stowed  nnacieri,  Bull. 
41(3):85-86. 

•   i     „=  r,f  increasing;  the  germination  rate  of  sugar 
-  4":r»;de;  IiS^^^TcSS?SJS=.f  ^S=  4«  i.  —  .nee.,  2,  PP. 
3   Benda  0.  T.  a.  and  P.  P.  Breao*.   19,0.   Hectical  planting  of  snort  seedpieces  of  sos-ane. 

Sugar  Bull.   48(22) : 294-297 . 
,.  Cole.aa,  P.  ...  -  «•  ■■  -».   St..  of  seed  piece  fn  relaiion  to  rapid  increase  of  a 
variety.  Sugar  Bull.  32:298-301. 


-47- 


5"   ^U-VlS^!77-   ^  Weath6r  hist°^  of  the  Louisiana  sugarcane  belt.   Sugar  Bull.  55(11) :  10, 

6.   Legendre,  B.  L. ,  and  M.  T.  Henderson.   1972   The  historv  anH  a        t 

Proc.  ASSCT  2(NS):  10-18.  history  and  development  of  sugar  yield  calculations. 

7-  ""assC^WS,;^":   I"flUen"  °f  Plant1"8  d"«  °f  -•"—  -*«y  ylel„s  „  loulslMi.   Proc. 

8.   Matherne,  R.  J.  .  R  n  Rrpa,,v  p  T7  M-11U  nn 

^,  P^eko. *  srs^^^STiri.^rsnJ'S^si'E:  ;I7.~  - 


-48- 


INCREASING  POPULATIONS  FROM  MECHANICALLY  HARVESTED  SUGARCANE  SEEDPIECES 

B.  R.  Eiland  and  J.  L.  Dean 
USDA,  SEA,  Belle  Glade,  Florida  and  Canal  Point,  Florida 

ABSTRACT 

Populations  and  crop  yields  were  measured  in  ^ST^SSS^^^^3^ 
varieties  (CP  63-588  and  CP  65-357),  two  "^^^^^^^"popuiations  of  both  varieties 
heat  treatment  and  a  control  were  compared   °^ences  were      longPseedpieces .   The  effect  of 
and  the  best  treatment  combination  consisted  of  heat  ^men£      significant  differences  between 
the  fungicides  on  stands  decreased  ove, the  growing  J^  beaArLtit.   The  best  treatment  com- 

INTRODUCTION 
increasing  production  costs  and  low  sugar  prices  a   forcin g  can .  producers^  ££?£? 
reducing  production  costs.   Planting  costs  may  be ^ed  fey  can  deliver  cleaner  seedpieces 

vesters  instead  of  hand  labor  to  cut  ^cane.   M-hanical  JJe  seedpieces  from  mechanical  harvesters 
than  those  delivered  by  a  ^"^J J*£e ^leedpieces  from  a  continuous  loader.   Poor  stands  can 

result^  J^J^^pK^^"  *«   «"  "*""*  ^^   "  *""** 

additional  seed  material. 

Methods  of  improving  seedpiece  germination  and  stanc 1  have  *~^££?^£^ 

sugar  producing  areas,  including  Florld\^^'^6' indrawn  by  regulatory  agencies  in  the  United  States, 
their  registration  for  use  on  sugarcane  has  been  withdrawn  by  reg      ?  ^  ^  Floridaj  but  lts  use 

DowKlor,  a  50%  wettable  ^''^t^^^^^^M   min  at  52  C)  has  been  used 

erfS-^^ 

-r^^i^^tsa^-^  «  ^  -  - most  effective  (1)- 

Facilities  for  the  heat  treatment  of  3^--^^^^^^  SS^^UST 
portation  of  the  treated  seed  material  to  the  plan ting  field  «qui  limited.   A  simple  method 

As  a  result  the  amount  of  seed  cane  available  fo '  f  ^^^^^1  Squired  in  normal  planting 
for  stand  improvement  is  needed  to  reduce  the  quantity  of  seed  mate       ^       ,  by  normal  spraying 

fflis^-^rtSs  ifsssTSs  ssrs  ^,  — 


PROCEDURES 
I.  this  experiment,  »e  considered  four  factor  that  "^fSoria/eSari^  -  »SSid   to 

material. 

The  treatments  in  the  experiment  -suited  from  J^^^^J^^^SJiSL 
CP  65-357),  a  heat  treatment  (hot  water  at  52  C  for  20  mxn)  an da  con    •       lengths  (M  cm  and 
(benomyl  at  420  g/ha  and  captafol  at  5760  g/ha)  and  ^control  an  v  ^   ^  to 

45  cm)!  We  used  a  Massey-Ferguson  201  ^«J^njB^a^fjhTJ^S  1-gth  normally  delivered 
cut  the  cane  at  harvest.   The  25-cm  seedpiece  ^£  used   3         g      ^  ^  ^^  knives 
by  that  harvester,  and  the  45-cm  length  used  was  obtained  by  rem    g^  ^^  ^  ^  ^  and 
from  the  harvester.   The  experimental  design  was  a  split  p  replicated  four  times, 

combinations  of  the  remaining  treatments  were  f**^^^   separated  within  a  row  by  a  1-m  alley. 
Subplots  were  single  rows  8  m  long  and  1.7  m  wide.   Subplots  were   P 

Seed  material  was  harvested  and  heat  treated  o  ^-^4  1977   ^™  T^^SS  in 
£  Sen  2^?^^^^^=^^^  =5-2.  before  the  seed  cane  was  covered. 

Between  the  beginning  of  emergence  and  harvest  stand  was  counted  12  ^—t^ferent  intervals 
depending  upon  the  expected  population  change.   The  cane  was  ha  ^^  ^  frQnt_end  loaders 

frL  each  plot  ^^^^^^^S^S^to   platform  scales  for  weighing  (5). 
of  tractors  were  used  to  transport  me 

Sisni.ic.at  differences  oet.een  yieids  and  .et.een  P^^^J^'S^'^Sd'S™"" 
-^rrtna  SS^-SSSTLSir-Jl.  -  Nation  coefficients  .era  cafcoiated. 

-49- 


■■ 


RESULTS 

Excellent   populations   of   cane   resulted    in   all    ni^t-o   ■;„    «-u,- 
results   suggested   that   if  we  had  used   a    Wrt  i      ,  experiment    (Fig.    1   and   2).      These 

action  between   seedpiece   length'aS  heat   treJ^JT       ff,      f '        ^^  ^   *  M8hly  si8nifi^nt   inter- 


LONG  SEEOPIECES 
HEAT    TREATED 
SHORT   SEEOPIECES 
HEAT  TREATED 
LONG  SEEOPIECES 
NO   HEAT   TREATMENT 
SHORT    SEEDPIECES 
NO    HEAT    TREATMENT 


80 


120  160'    '    '260         240'    '    280' 

DAYS   AFTER  PLANTING 


320 


LONG  SEEDPIECES 
HEAT  TREATED 
SHORT  SEEDPIECES 
HEAT  TREATED 
LONG   SEEDPIECES 
NO    HEAT   TREATMENT 
SHORT  SEEDPIECES 
NO    HEAT   TREATMENT 


40 


80     120    160   200    240   280 
DAYS  AFTER  PLANTING 


Fig.  1  Sugarcane  stalk  population  over  growing 
season  for  variety  CP  63-588. 


Fig.  2  Sugarcane  stalk  population  over  growing 
season  for  variety  CP  65-357. 


Table  1.   Shoot  populations  <1000/„a)  46  days  after  planting  £„r  2  su8area„e  varieties 
controT1^,!^  11 T  tre""mt  ""  °   "««*.  -  »  *»**"-  an,  a 


VARIETY 
CP  63-588 

CP  65-357 


SEEDPIECE 
LENGTH 

Short 
Long 

Short 
Long 


NO  HEAT  TREATMENT 


NONE 


FUNGICIDE 


BENOMYL 


CAPTAFOL 


31.6 
31.8 

38.4 
33.5 


29.0 
31.8 

33.1 
30.3 


35.5 
33.8 

39.3 
36.0 


NONE 


33.6 

42.3 

36.6 
48.3 


HEAT  TREATMENT 


FUNGICIDE 


BENOMYL 


32.3 
40.6 

30.7 
44.1 


*Each  value  shown  represents  the  average  of  four  replications. 
S^fxcance  at  .01  level:   Length,  heat  treatment,  fungicide,  length  X  heat  treatment 
Significance  at  .05  level:   va^ty  "  ^^  *  ^  ^^ 


CAPTAFOL 

38.4 
44.5 

30.3 
48.7 


dlffeJ^^^^fJLiS^^rcS^S-1;;16  %/he  Stalk  P°Pulati°-  «*  the  two  varieties 
treated  seedpieces  was  9lS stSI/L  greater  tha^that  of  ^^   °J  Pl°tS  planted  with  heat~ 
heat  treated.   The  short  seedpieces  of  CP  63  588  di     ,-   P   »   ^T*   Wlth  seedPie"s  that  were  not 
short  seedpieces  of  CP  65-357   The  lone  sfLni!       ,   Tf   t0  "^  heat  treatment  «"  well  as  the 
short  seedpieces.   Seedpieces  *  Create    t    P   "  Ponced  about  5600  stalks/ha  more  than  did  the 
treated  seedpieces,  whereas  h       a    w    h    T ***?  *""   35°°  m0re  stalk^ha  than  did  un- 
untreated  seedpieces.      n     t     ln         ^  ^"V"*  ab°Ut  12°°  leSS  stalks/ha  than  the 
for  the  short  seedpieces^  or 'both  varieties  W^'lon-  for  the  long  seedpieces  more  than 
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Table  2, 


Stalk  populations (1000/ha)  at  harvest  for  2  ^garcane  varie ties , 

2  seedpiece  lengths,  a  heat  treatment  and  a  control,  and 
^H^^e^^a  control.  Canal  Point^FLl, 


HF.AT  TREATMENT 

FUNGICIDE 


Significance  at  .05  level:   Fungicide,  length  X  height 

Stalk  population  differences  found  at  harvest  produced  yield  diff««nce-  J^tf '^J** 
from  seedpieces  that  received  heat  treatment  averaged^a W   ^ *was  about  9  t/ha  greater  than  that 
pieces  that  were  not  heat-treated.   The  yield  ^™  V"^ee  p     treatment  than  the  short  seedpieces. 
"from  short  seedpieces.  The  long  -^f^^^leedpie  s  than  was  the  yield  from  CP  65-35  with 
The  yield  from  CP  63-588  was  greate r  ^  the  l£J  J^J  a  difference  in  yield  between  replxcated 
the  long  seedpieces.   The  ^""Jxcal  analysis  indicated  ^  rf  ^  experi   t    whxch 

blocks.   This  difference  in  block  yxelds  can  be  attrxbu  ^  ^   Fungicldes  dld  not 

CP  63-588  became  recumbent  and  probably  stopped  grown  g 
influence  yields  at  harvest. 


Table  3: 


T^£^^£lir^^^^^^^ 


VARIETY 
CP  63-588 

CP  65-357 


LENGTH 

Short 
Long 

Short 

Long 


NONE 


NO  HEAT  TREATMENT 

FUNGICIDE 

CAPATAFOL 


HEAT  TREATMENT 

FUNGICIDE 


BENOMYL 


NONE 


BENOMYL     CAPTAFOL 


118.5 

132.1 

127.3 
118.6 


131.8 
129,5 

121.1 
114.6 


126.6 
140.0 

126.3 
136.6 


137.4 
165.3 

144.7 
144.7 


133.3 
157.7 

137.8 
150.2 


143.5 
155.4 

136.0 
146.1 


*Each  value  shown  represents  the  average  of  four  replications. 

!££££  S  :";  iS£.tX..tSS£  *.*«,  x  i^,  —  x  height 

Fig  1  and  2  illustrate  the  stalk  population  dyn-^bj^J^^-^^;^  Si* 
two  varieties.   An  analysis  of  the  correlation  between  counxngdtesand^^  ^  ^^ 
counts  on  12  dates,  beginning  on  March  15  1977  and  ending       >   and    ld  for  the  two  varxetxes 
yields  (Table  4).   The  correlation  coeffxcxents  for  Stalk  P°P»  correlation  coefficient  of 

were  highly  significant  on  all  counting  dates   The  hi ghest  val        ^^  after  the  populations 
stalk  populations  and  yields  were  obtained  for  stan°*  ^  A"fots  that  had  heat-treated,  long  seed- 
plkedYn  June  and  July.   The  highest  populations  were  in  plots  ha      ^  ^  population   f 

not  heat-treated. 


Table  4. 


Correlation  coefficients  for  stalk  populations  and  harvest  yield  on 
12  dates  for  two  cane  varieties* . 


Date 

3/15/77 
3/21/77 
3/28/77 
4/08/77 
4/15/77 
4/29/77 


CP  63-588 

.682 
.635 
.630 

.710 
.715 
.741 


Variety 


CP  65-357 

.650 
.620 
.518 
.647 
.693 
.637 


Date 

5/27/77 
6/22/77 
7/26/77 
8/19/77 
9/28/77 
1/11/78 


Variety 

CP  63-588 

CP 

65-357 

.671 

.590 

.666 

.606 

.533 

.585 

.841 

.890 

.850 

.893 

.726 

.832 

*A11  correlation  coefficients  are  significant  at  .01  level. 
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ABSTRACT 

.-v,   o,rlv  1960's  resulted  in  increased  acreage 
The  expansion  of  the  Florida  sugarcane  industry  xn  the  ear  y  ^  ^^  colnmercial 

=JJSr«S53T5StS;   sLr/eTinfriLtL^'i;   superior   to   the   other   planting   rates. 

T.ese   results   prompted  additional   testing      and   -^.^^^g^  ~ ^SS?tTS  ^ 
six  commercial  varities  was  made        The  data  showed   that  single  p      ^^  ^   ^   ^ 

other  planting  rates   for   CI   41-223  and  CP   "-306.      The   av        g  plantlngs,    respectively.      These 

^iz^^^^^^^^^^* f- a- ade,uate  stmd  o£  caM  ls  u"nece5Sary' 


INTRODUCTION 

maximum  yields  of  cane  and  sugar.   In  1953,  tiebert  ro  ,  }   totherne  reported  in  1971  that 

placed  side  by  side  with  a  10%  overlap  was  optimum  for  Louisiana  W  ^^  ^  (2)         2 

br^.?oxI^P^^-^^^?t^^-  higher  rates  §ive  inCreaS6d  y"  ^ 

mosaic-infested  seedcane  is  planted  (3). 

serene  is  Pl„«a  on  5-.oot  ro».  i.  norida  -  ^SaT-JS^S^^ 

placed  in  tne  furro»  in  order  to  prodnce  an  opt™  stand  of  cane. 

MATERIALS  AND  METHODS 

Two  experiments  were  planned  to  -.t^^-^^^-J^^S-^-g^  SfSS.! 
was  conducted  on  Terra  Ceia  muck  at  the  Sugar  Cane  Growers  Coope         al  varieties  (C1  41-223, 
Florida,  during  the  1967,  1968  and  1969  ^™"  "f  Jesi*   October  14,  1966.   The  main  plots  were 
CP  50-28,  and  CP  56-59)  were  planted  in  a  split  plot  design  on       varleties  being  sub-Plots.   Each 
planting  rates  of  1,  2   and  3  lines  o  -ed  ane  in  each  furro ;  ^   ^^  ^^  ^  pounds  of 
sub-plot  was  4  rows  wide  and  3U-tt.  long,  w±li      v 
0-0-50  fertilizer  per  acre  at  planting  time. 

Experiment  B  was  conducted  on  Terra  Ceia  muck  ^atto^Bros. .  Inc.,  ^^v^tieT  (cf  41-223. 
Pahokee,  Florida,  during  the  1972,  1973  and  is  in   narv        lanted  in  a  split-plot  design  on 
CP  56-59,  CP  62-374,  CP  63-306  CP  63-588  and  L  61-4 )  were  plan         Prf  ^^  ^  each  furr0H, 
November  29,  1971.   The  main  plots  were  ^"JJ*"^  wlde'and  35-ft.  long,  with  3  replications, 
with  varieties  being  sub-plots.   Each  ^"^  "^J^per  acre  at  planting  time. 
All  treatments  received  500  pounds  of  0-0-50  fertilizer  per 


Millable  stalk  counts  were  made  in  the  plant-cane  crop  of  Experiment  B. 


Both  experiments  were  planted  by  hand  and  precautions^  -/^intoV""?  pieces, 
handling  of  the  seedcane.   Whole  sta ^s  -re  placed  n  the  fu «  ^  ^   adjacent 

Stubble  cane  in  both  experiments  was  fertilized  on  tne 
plantation  fields. 

in  all  DlotB  was  cut  by  hand  and  weighed.   Fifteen  full-length  stalks 

After  burning,  the  cane  in  all  plots  was  cur  ay  harvests  for  juice  analysis. 

were  taken  at  random  from  each  replication  at  each  of  the   narv 


RESULTS  AND  DISCUSSION 

•   •    •   t-hP  nlant-cane  crop  showed  slight,  but  non-significant,  increases 
In  experiment  A,  all  varieties  in  the  plant  cane  crop 
in  yield  as  the  planting  rates  were  increased  (Table  1). 

i   ..j  „  „f  all  varieties  yielded  as  well  as  other 
*^5lSr^-,5^-UV£S  oecreaseraftne  rat/of  p.anti  increased,  «  not 
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I^i^^^^^^^^^i^1:^:^^^  -  emm 


Planting 
rate 


1  line 

2  lines 

3  lines 
Average 


1  line 

2  lines 

3  lines 
Average 


1  line 

2  lines 

3  lines 
Average 


1  line 

2  lines 

3  lines 
Average 


CI   41-223 


76.51 
76.78 
77.20 
76.83 


51.62 
46.20 
48.07 
48.63 


28.82 
19.01 
17.84 
21.89 


52.32 
47.33 
47.70 
49.12 


Varieties 


CP  50-28 


Plant  Cane 

92.79 

100.58 

104.32 

99.23 

1st  Stubble 

65.52 
65.51 
63.71 
64.91 

2nd  Stubble 

58.15 
39.90 
36.44 
44.83 

All  3  Crops 

72.15 
68.66 
68.16 
69.66 


CP  56-59 


102.64 
102.81 
108.06 
104.50 


63.91 
59.95 
55.03 
59.63 


42.48 
27.70 
24.60 
31.59 


69.68 
63.49 
62.56 
65.24 


Average 
for 
Planting 
Rate 


90.65 

93.39 

96.53 

N.S. 


60.35 
57.22 
55.60 

N.S. 


43.15 
28.87 
26.29 


64.72 

59.83 

59.47 

N.S. 


*Statistically  different  -  Kn  n^        /    an    c  -i         .  ~  ' ~ 


Table  2. 


"^^^^^^^^ 


Planting 
Rate 


1  line 

2  lines 

3  lines 
Average 


1  line 

2  lines 

3  lines 
Average 


1  line 

2  lines 

3  lines 
Average 


1  line 

2  lines 

3  lines 
Average 


CI   41-223  CP  56-59 


59.18 
62.78 
64.55 
62.17 


36.86 
31.17 
30.73 
32.92 


39.95 
32.83 
32.11 
34.96 


45.33 
42.26 
42.46 
43.35 


76.82 
84.15 
82.78 
81.25 


51.15 
58.66 
53.98 
54.60 


47.07 
47.15 
49.09 
47.77 


58.35 
63.32 
61.95 
61.21 


Varieties 


CP  62-374 


CP  63-306 


Plant  Cane 

81-43  77.16 

90.22  73.38 

82.29  75.38 

84.65  75.31 


1st  Stubble 

50.83 
59.80 
57.10 
55.91 

2nd  Stubble 

44.68 
46.08 
46.73 
45.83 

All  3  Crops 

58.98 
65.37 
62.04 
62.13 


57.04 
48.50 
50.79 
52.11 


53.43 
48.99 
50.85 
51.09 


62.54 
56.96 
59.01 
59.50 


CP  63-588 


64.06 
74.23 
69.17 
69.15 


38.38 
41.90 
37.16 
39.15 


41.54 
39.62 
37.79 
39.65 


47.99 
51.92 
48.04 
49.32 


L  61-49 


64.33 
60.72 
65.54 
63.53 


45.70 
49.53 
55.58 
50.27 


42.60 
43.50 
46.07 

44.06 


50.88 
51.25 
55.73 
52.62 


eriment  B) , 
Average 
for 
Planting 
Rate 

70.50 

74.25 

73.28 

N.S. 


46.66 

48.26 

47.56 

N.S. 


44.88 
43.03 

43.77 
N.S. 


54.01 
55.18 
54.87 

N.S. 


N.S.  Not  statistically  different  at  the 


.05 


level  of  probability. 
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Bruits   fro.  second  stnhhle  showed   that  all  varieties  decreased  ££?{£  pl  Jlng  tate  yielded 
increased.      I-  the  average  of  ^"^^/Lluole  and  triple  Una  planting  rate,       There  were 
?SS£2«"E£^  ZZZ£l%.  and   triple   Una  planting  rates   in  an,  of 

""Tine   average   of   all  crops,    the  single   line  planting  rate   e,oaied   the  higher  .anting  rates. 

In  eminent  ,,   Plant-cane  and  first-stuhhle  ^^t.T^l^l'^T^^ 

rv   Sfi- 59      CP  62-374,    and  CP   63-588,   were  slightly  higher  ™J  f     n  varieties.      Average  yields 

^ISneVanting;  were  equal   to  X^tl^^LTZ's^  line  plantings   in  hoth  plant 
from  the   3-line  plantings  were  not   significantly        g 
and   first-stubble  crops.  ^^   ^^   ^ 

There  were  no   significant   differences   among  planting ;  rates^     J  ^   ^  fco  yields   from 

experiment  B.      In  the   average  of   all  varieties,  8 

higher  planting  rates.  ^   3  ^  rates. 

-  *  —  °f   ^   "^   ^  ^  ^r^-Tl  ,J-  crop   showed  an  increase 

Significant   differences   in  J^^SfiiT^-iS^ipK  ^^.M* 
fences   for^  wShf  ionftK  Hunting  rates    (data  not   shown)  .  ^ 

Mathern   (2)    showed  that  varieties  respond  differently  to  ^^J^S  SffS^l^V-nting 

dw^  -™  —  ™s  pla-8 

rates  in  any  of  the  3  crops. 

These  experiments  were  planted  with  fresh   firm  ^^^f^SS  ^^"^results 

for  an  adequate  stand  (one  line)  of  cane  is  unnecessary. 
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ABSTRACT 


the   1977-78  hSvIsTin  thTpIan       SnsTVn  t  fs  °t   *?*  "^   t0  P°lariS   °*  *  ~ rcial  scale  during 
CI   65-260  had   significant    increases "n  yieJd     yiel^of ^^   C°rp°rati°n-      C*   ^4-336,    CI  54-378,  "nd  ^ 

respectively  when  treated  at   3  pounds  Polaris  /acre       Cl  59   SgVI™"1?  ^    °f   13*8%'    ?*2%'    ^   7'4* 
from  3,    3  5,    and  4   pounds   Polaris/acre  were   pooled'      Cl   Ulll.l        *  fT)^^   ^^  °f   7"«  w^  data 
at   3   pounds   Polaris/acre   in   three   replications        Cl   61    S  a^eraged   7.4%  higher   in  yield  when   treated 

fields  when  data   from  one   replication  each  oT?      £1   61-5   averaged    12.7%  higher  in  yield   in  Polaris   treated 
Cl   54-312,    Cl   61-205,    and   Cl   65-294   showed   potential  '    f  T^   Polaris/acre  were  pooled.      Cl  41-223 

in  yield  of  5.1%  to   19.0%  in  unrepli^tlf tests       ci  S-SSTfSt'0  ^T*  "   *  P°Unds/—  •"»  Ureases 
^U  plot   screening   tests   the  unreleased  varieties^.^Lo^nd^^  ^^J^^   to 


INTRODUCTION 


The  amount  of  sugarcane  treated  with  glyphosine  rw  n  Mo  c  k   1. 
ripener  has  increased  steadily  in  recent  years  If *^df bl*  <Ph°sPh°n°»ethyl)  glycine],   a  sugarcane 
as  Polaris   ,   grew  from  178  acres  in    \   ^22  000  acres  in^Qvfnf  ^^  W±th  the  riPener>  marketed 
acreage  and  commercial  tests.   Tests  with  the  ripener  on  the Z      l\      } '   f^6  flgUr6S  include  commercial 
have  indicated  that  Clewiston  (Cl)  varieties  differ  in  their  fp  ^T   °f  Unlted  States  Su§-  Corporation 

we  conducted  commercial  scale  and  small  plot  tests  \TrlTz^e\fji%lK™SV°™*   "°   the  r±pener'   Therefore, 
about  the  responsiveness  of  several  key  varieties  8  harVeSt  t0  ga±n  additional  information 

MATERIALS  AND  METHODS 

^o^^^—^^l^   thf othefha'll-f Sd'as  th^f"  Vf   ""  '^"^  W±th  °ne  half-field 
each  fleld  represents  a  replication   The  half  AJa-  ,  &d  ^^    S°  for  statistical  purposes 

treated  and  check  area  having  abou^  equal  acreage  In  each  "T  t™   ^  aCre8  t0  3?"5  acreS>  ^  ^he 
wettable  powder  formulation  of  Polaris  was  used    i    P   P      "^   M°nsanto's  1977  commercial  85% 
lation  per  acre.   Pilaris  was  applied  in  five  gallons  2  «JT  T^-**  n"  P°UndS  °f  the  — cial  formu- 
agne  t  (Nalco-trol™2)  per  acre  by  fixed  wi  la  An  T  C°ntainin8  °'3  °UnCeS  of  a  drift  control 

Period  September  26  to  October  31.   There  ^nlTAl' ^IL^^l   f^llwing'trea^nt  ™   *»**  "» 

were  ^.^  I^=^4p^t^hf  £^2^^'^^  ^  *"  ^   *»  »™« 
by  hand  and  placed  in  pile  rows,  then  picked  up  by  a  contiZ   1  T^   ?  hand  harVeSt'  the  cane  was  ™t 
delivered  to  the  mill.   m  machine  harvest   standing  ™  ^f  and  CUt  lnt°  billets  ^fore  being 

tion's  chopper  harvester.   At  the  mill  crusher   Z     was  cut  and  loaded  by  United  States  Sugar  Corpora- 
theoretical  yields  of  sugar  were  cScuiateTacLrd^g  ™ £%£*£*  ^    ^°^    ^  ^  ^ 

%  yield  96°  sugar  =  Sx  -  By 

^V^Si^ys^^sL^^t^^ir?  (\3)-  sucrose  and  brix  reducti-  fact°- 

previous   five  years.      Tons   cane   per  acr      (TCM?  and yield  or   .T  aV6rage  m111  Perf°™ce  data  for   the 

Per  acre-  U   /A;    and  yl6ld   of   su8ar  were   utilized   to   calculate   pounds   sugar 

Cl  ElK?   "-S^wek 'trfate3^ LCt\rL"^°fpilca:dioCL65cl641W2e2;   '"^   *"  fOUr  0r  ra   "P^lone. 

Cl   49-200,    Cl   54-312,    Cl   61-205,    and   Cl   65-294  were  s„   '  2"  Wf!   tr6ated   ±n   two   "plications,    and 

.lock  was   used   for   statistical   analyses  when   thlrTwerTf^   »  ^2££^  vt^™   "^ 

1» 

^olaris  is  a  registered  trademark  of  the  Monsanto  Company 
Trademark  of  Nalc'o  Chemical  Company. 
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j  *„a    ,-n  i/sn  acre   plots  (4  rows  on  5  ft. 
S_^1LI1£1^I^^.      Small  plot  screening  trials  wen j  con  noted  in  1/50-^  p^  ^  these 

centeTs-^I^-HTT^nt  middle  two  rows  «*«  fff*^™^  co„  was  used  to  apply  the  ripener.   Again 
served  as  the  check.  A  portable  sprayer  ^^^^X"^.  was  applied  in  30  gal.  water/acre  on 
the  commercial  Polaris  was  used  but  wxth  no  ^dditxves         P      &      ^  fchere  was  n  the 

October  18-19,  1977  between  8:00  and  9.00  AM.   The  wind  W     (November  29-30,  1977),  ten-stalk  samples  of 

3^^.e^^«=sr^"ftrss:£,Su^7--  l  -*- -*.  ^.  o.». 

11  nlnts   CI  59-1052  was  treated  in 
Commercial  and  experimental  varieties  were  screened  xn  the  small  V        ^  ^^  ^   The 
two  tests.   Polaris  was  applied  at  3.5  lbs/A  in  the  J.r..L  ami  h^    ^    ^  ^    ^  ftS-294  were  each  treate 


treated  in  two  repl 
as  a  responsive  check 


RESULTS  AND  DISCUSSION 

It  sho^xTTe^ToTeTThat  such  influences  as  xnsect s  and  the  *«"*  >   We  have  no  previous  data  to 

in  stand  differences  and  caused  difficulty  xn  ob taxing  ideal  P™  ^   Therefore,  equal  TC/A  (average 
^ACofealhiafiPeli:1Sf  t^r^in  ^Z^J  ToZAJs   used  in  this  text  for  comparative  purposes. 

(TabllT^ho^ 

Sid  was  increased  1.24  points  (13. 8%)  which  was  hxghly  si gnxf  cant   Cane^t    ^  production       M 
this  variety,  and  sugar/A  showed  a  significant  increase    7       ^^  treatment.   seven  of  exght 
SSLSS.^  Sin^^  or  first  stubble. 

C1  54-378  showed  significant  increases  in  purity  and  ^^^^J™"*  pointf  (7  l^ich 
when  treated  with  Polaris  at  3  ^ ^^  L  Lar/acre  were  lower  in  the  Polaris  treatments  than  xn 
was  significant.   The  tons  cane/A  and  P°™d*  .^"'^^/a  there  would  have  been  an  increase  of  320 
the  checks.   If  one  considered  equal  product  n  o 31  33  TC/A     ^  ^  harvested>  and  the  age  ranged 
lbs.  sugar/A  due  to  Polarxs  treatment.   Four  or  rxve  r  v 
from  plant  cane  to  fifth  stubble. 

a  59-1052  was  treated  in  four  replications  of  ^J^^^^t^SlSS  vsAhLk 
4  lbs. /A.   For  statistical  purposes,  the  res ults  »J"  J^™*  JJllSi  treatment,  and,  while  not 

(Table  1).   Brix  and  sucrose  were  increased  sxgnxf  1MnJ    ^e  J  ^ed  0.86  points  (7.4%),  which  was 
ignificant,  purity  was  higher  in  five  ^£^»  S^rSS^n-.  but'sugar/A  was  116  lbs  /A 
significant.   The  actual  cane  production  aver  aged  less  in  the  tr       ^  ^  ^  .ncrease  f  61bs. 

ESS"   S^°S?5ScSi.'=SB£S  harvested^  the  cane  ranged  from  plant  to  third  stubble, 
in  CI  65-260,  which  was  treated  at  3  lbs.  ^l£^^^£££Z^£&Q 


In  CI  65-260,  which  was  treated  at  o  —  lUi""  '  '  olnts  (8.2%)  by  Polaris,  which  was  tixgniy  sxg- 
and  average  purity  was  higher.  Yield  was  -creased  0 .95  poxnts  ^  J       ^   lbs.  sugar/A  with  the 

nificant.  Actual  tons  cane  A  "-  *b„° ^IC/A  were  Considered!  there  would  have  been  an  increase  of  690 
treatment.   If  equal  production  of  36.28  TC/A  were  con       ,  ^  f±rst  stubble. 

lbs.  sugar/A.   All  four  fields  were  hand  cut,  and  the  cane  was 

CI  61-5  was  treated  with  Polaris  at  2,  2.5,  and  J  lbs./A  in  one  replication  g^^^^  th 
averages  for  the  three  rates  are  presented  since  ^^^^nd  the  magnitude  of  the  changes  should 
was  a  small  number  of  replications,  the  consistency  of  the  data  and  the   g        ^  ^  ^^  cane> 
™ke  the  results  reliable.   There  were  large  xncrease s  in  brix,  sucrose,     y  y  ^  there 

Se  yield  averaged  1.40  points  (12.7%)  higher  in  Polaris  treatment ^^J^*^  there  would  have 
w'as  an  -rease  of  635  lbs   sugar/A   X^qual^cane^f  ^g™^^.  and  all  cane  was  first  stubble, 
been  an  xncrease  of  858  lbs.  sugar/ «.. 

Treating  CI  65-279  with  3  lbs.  -^^1^  consist  the 

though  there  was  a  small  number  of  replications   the  conf^ency  (?>4%)  higher  in  the  treated 

changes  should  make  the  results  reliable.  The  yield  averaged  ^  o:  ,  S  ^  rf  ^ 
cane!  and  based  on  the  actual  TC/A,  there  was  an  increase  of  8  26  lb  J;  "^/J  ^  hand  harvested 
TC/A  had  been  produced,  the  increase  would  have  been  552  lbs.  sugar/ a. 


plant  cane. 
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cwJirs  zf-jsi.vtgk  2dss3&s  :s-r ci  65-m  —  —  - 3 »- 

in  yield  of    1.59   points    (3.7%)    and   2    12   points    H9   Sn  ^T'   P°tential   for  response  with   increases 

1.14  points    (9.5%)   and  0   59  points    (      1%)    in  vLld     rlsL S7T       ^      C1  41_223  and  C1  54~312   ^creased 
response  with   an   increase   of   0.17  points    (K8%)    "'yielS!  ^  tre^ment.      CI   49-200  had   the   lowest 

creased   ^cTSS?   CI   ^S^' S^ll^T ^cVo^^T6   T   ^      ""  ^   ^ 

considered  more   reliable.      The   results  with \h      *■      I   *  65-279,   which  were   in  replicated   tests,    are 

This  was   the   first   experience  with  CI  65-2^9       c^H   iJS*  ^  generally  *^  wi^  Previous   tests. 

4   lbs/A  rates  were  pooled.      Palt   tes   s  wi h'thi va   i ^  .fTlI./SS1^   reSP°nSe  ^  ^   3'    3-5'    "* 
that   a  more   consistent   response  may  be   obtained  -I  5f  £■   £  r   ?  81VSn  erratic  results.      We  speculate 

CI   54-312   generally   agrees  with   past   reports    (4)    Ld  §  °f  u   *'/A'      ^6   r6SP°nSe  °f   C1   ^~223  ™« 

conflicts  with  past   experience        Ss  w  e      I  experience,   while   lack  of   response   in  CI   49-200 

showed  outstanding  potential   for  LpoS  to  the  SpSS!"""  61_2°5   ^  "  65~294'   b<Dth  °f  Wh±Ch 

treatSMuftl^Snlf of  tllVZTZ   ^1^  ^   "^   "^   '—*   ^  ^  with  "^ris 
response   in  the  small  plots  when  treated  Jth  3     %Tp  ]  t0  If*6,  (T?ble   3) "      C1  59"1052   showed  ""1* 
was   0.45   points    (3.9%)!  which  was   not   Sgni   icLt     altho^h'th      "    J-    V^'    ^  aVe"8e  yield   inCrease 
for   the   trend.      CI   65-260   averaged  0   46   points    (I'm] ?      g      the   individual   replications  were  consistent 
The   increase  was   consistent   in   £  replications  Wn   ,lnCreaSlln  ^leld  when   treated   at   3   lbs  Polaris/A. 
in  yield  with  Polaris,   which  was  highly  sSirt™^        ru^      ^T '      C1   65_294   increased    1.03  points    (9.2%) 
higher   in  the   treated  plots        CI  61   fi?0  ^       ?n  ,  *        &   ylSld   °f   C1   65"279   averaged  0.52   points    (4.3%) 
CI   68-575   averaged   i.3  points    (ul^irZt*       °-«  points    (4.4%)    increase   in  yield  with  Polaris     and 
were  general   increases   E  Trl^tll "and  ^^  ^   ^^      AS   in   the  ~ial   ^>    ^here 


rate                               m0  „       ,  T    . 

Variety  ^v_/.n  „      ..       '.  — Crusher  Juice 


CI   59-1052 


CI   59-1052 


CI   65-260 


CI  65-294 


(lbs/A) 

CK 

3.5 

Change 

CK 

4 

Change 

CK 

3 

Change 

CK 

3 

Change 


Replications 


Brix 


%  Sucrose 


21.41 

21.84 

+  .43 

21.08 

21.68 

+  .60 

20.95 

21.45 

+  .50 

20.30 
21.80 
1.50** 


19.64 

20.07 

+  .43 

19.21 

19.90 

+  .69 

19.14 

19.80 

+  .66 

18.41 
19.99 
1.58** 


%  Purity 


91.69 
91.89 

+  .20 

91.09 

91.77 

+  .68 

91.34 

92.32 

+  .98 

90.68 
91.70 
+1.02 


Yield  96   sugar, 
%  cane 


11.83 

12.11 

+  .28 

11.54 
11.99 

+  .45 

11.48 

11.94 

+  .46 

11.15 
12.18 
+1.03** 


CI  61-620 


CI  65-279 


CI  68-575 


CK 

3 

Change 

CK 

3 

Change 

CK 

3 

Change 


19 

.82 

20 

.55 

+ 

.73 

21 

20 

21 

95 

+ 

75 

19. 

92 

22. 

22 

+2. 

30 

17.79 

18.52 

+  .73 

19.48 
20.48 
+  1.00 

17.98 
20.17 
+2.19 


89 

.77 

90 

.12 

+ 

.35 

91 

86 

92 

26 

+ 

40 

90. 

30 

90. 

76 

+  . 

46 

10.54 

11.00 

+  .46 

12.12 

12.64 

+  .52 

10.28 
11.58 
+1.30 


**Significantly  different 
marked  by  asteri 
line. 


cfare'not  slenir'L'ntf  ^f^13  of  variance.   Those  changes  above  dashed  line 
not  significantly  different.   No  statistical  analyses  of  varieties  below  da 


not 
ashed 


-60- 


•    m  rq  inS9   n  65-260   CI  65-279,  and  CI  65-294  with  Polaris  treatment 
The  yield  increases  for  varieties  K^Ml.aj*^^*^^  Considering  that  CI  65-260  is 

in  small  plots  were  about  half  of  those  obtained  ^^^re  promising.   The  smaller  increases  were  pro- 
generally  responsive,  the  results  with  the  other  varieties  ar  P       *  ±   68_575j  both  of  which  will  be 

fably  d/e  to  sucrose  levels  being  nature  ly ^.  /arietie  ^620^         ^  ^   Q  61_62Q 

SSfpSSSf^d'S  ^^nowed  outstanding  potential  for  response  to  Polaris. 
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MATURITY  PATTERNS  OF  SEVERAL 
LOUISIANA  SUGARCANE  VARIETIES 

C  A.  Richard 
American  Sugarcane  League 
New  Orleans,  La.  and 
F.  A.  Martin  and  G.  M.  Dill 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  La. 


ABSTRACT 


harvest  season  for  both  plant  and  stSblTctL   v.w.r  *""  c°«P°»e'»:s  »e"  evaluated  throughout  the 


INTRODUCTION 


**J£fig££^£T£^Z££  orrhe^ari.r'r\lr„ouSV°d  "Tl  ""  '"« 

ss'&s^fS'.s.ffs  «r  ■£ or  -t?bla  *-"-£-£  Srve%rsrsaS^ry 

rate  were  monitored  to  determine:  Station,  St.  Gabriel  Farm,  changes  in  juice  quality  and  growth 

1.  The  maturity  patterns  of  sugarcane  genotypes  with  particular  reference  to  crop,  and 

2.  The  validity  of  using  only  sucrose  percent  in  establishing  harvest  schedules. 

MATERIALS  AND  METHODS 

AgricuiTaf Sp£JS"SS£  TSSThTI^gSL^  V  the  st- Gabriel  Farm  of  the  Lo— 

and   stubble   cane  of   six   commercial  varKtieJ   JSlTT^'lSrS^^-^^'-   '^   °f  ^ 

once   through^ tZulrZlll^llT.cl^   ^   **?*-«:*'*>«.    t0PPed   thrOU8h   the  ap6X'   ™^«  >    «*  -m- 
by  polarization     an applet  puritj  2  111^117  0V  ^  T  dete™ed   *  hydrometer,    apparent   sucrose 
yield   of   recoverable   su^ar   per^on^f ^^ne^fc^lcf U Sd"  y^aTethol  £ v  ousl f     scrS   oS"  Te^'lf' 
llT^lf'llt™^:^  ^  ^^"VT  «•*  population  per'a^oy  ^"Sk^ht^Suy 
cane  per  acfe  § "  PW   ""  WaS   calculated   »?  multiplying   recoverable  sugar  per   ton  by  yielJof    ' 

period1"'^"  var?IbSewere3Lfw  hT^   *"  "Ch  V"lable  °V6r  the  S±X  Varletles  *^»8   the   four  year 
harvest  daZ  LTltt  ?!        analyzed   by   least   squares   analysis   to  determine   the  best  models   to   relate 


RESULTS   AND   DISCUSSION 


su8arDper  acr/nest  "dr^LlraSc  LS^S^r1"  '""  ^  "™"  ^  'U"°"'   *"*"  ~  ""  »»d 

plantB'anfa1„dV=t^,^k'in  fr'*"  'S*  "j*  '"  CUrV"  o£  "°r,»1  Jul"  s»«°^  f"  "»  »**  varieties   in  both 
Saturinf  ,2  2,   Ld  S  ,  *"  T  ln  Table  3"     ^  of  the"  varieties,   NCo  310  and  CP  61-37  are  late 

re       £     -  1     and     P^dllOo  S."  ',"   •?"/"  "!  e""ed   12'K   '"  °Uh"  «°»-     *»  °»>"  ™! 

rtri— ur™£-™ 
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Of  more  importance  is  the  pattern  rt*^**^^^^^   cane^ucrose^d  con 

noted  that  the  stubble  sucrose  o f  eac .variety  gen J"^       accepted  as  fact  for  Louisiana  sugarcane, 
tinues  its  advantage  throughout  the  season 


The  value  of  12%  normal  juice   -rose  has  been  accepted  ^J^^Jof  ^T^^^^ 
at  which  each  variety  reaches  par  ^^"^^S^^Lch  of  the  varieties  and  the  differences  be- 
be  seen  in  Table  4.   This  summarizes  the  relative  matur  y 
tween  stubble  cane  maturity  and  plant  cane  maturity. 

11a1a,  Hifferences  in  normal  juice  sucrose  since  a  very 
The  values  of  sugar  per  ton  of  cane  nearly  par al ^  d±ffer ences 
strong  association  between  sucrose  and  sugar  per  ton  exists  (11). 

u-  u      4«  kp,t  at  the  early  harvest  dates  and  which 
From  Table  4  a  decision  can  easily  be  .ade  as  to  wh ic  _ca    s  best  at^  ^  ^^  ^ 
cane  is  suited  for  the  late  harvest  dates   However  at  mid  seaso  K  ^^  &   ^^      ule  ^ed 

of  November)  there  are  some  decisions  to  be  made,  ^ing  only  y    varieties  being  harvested  be- 

*  ♦.*,*>  c-iv  varieties  for  the  two  crops  during  the 
Table  5  shows  the  average  percent  weight  ""^"^^^the  plant  cane  crop  over  the  stubble 
maturation  period.  There  is  an  f  e"8e°!f"^8t^e  ^rly  maturing  varieties  tended  to  increase  in  Stalk 
cane  crop.  Although  not  statistically  different,  the  ear xy        s  suggest  that  early  harvest  of  the  plant 
weight  slightly  faster  than  the  late  maturing 5  varieties  ™££^  ^f   following  only  juice  quality  guide- 
cane  crop  would  subtract  from  the  full  ^^nage  increase  po         potential  increase  in  crop  yields, 
lines  for  a  harvest  schedule  might  not  be  ^f^t£%™t^aM  of  early  maturing  varieties  with  the  stubble 
especially  when  comparing  the  percent  increase  of  the  plant 
cane  of  the  late  maturing  varieties. 

,   .       „av  n„r  acre   This  would  approximate  a  value  tor 
For  further  examination  of  this  point,  Table  6  shows  sugar  per  acre.  J        older  stubble  of  the 
payment  of  sugarcane  deliveries.   As  P«™£yo?£^vSl  season  and  the  plant  cane  of  the  lowest  sucrose 
highest  sucrose  varieties  in  the  early  portion  °f™e  harvest  These  two  classes  of  varieties  are 

varieties  in  the  later  portion  of  the  harvest  season  is  already  to  g   rf  ^^   where  th 

the  sugar  values  for  October  22  and  November  21  are  listed. 

If  the  harvest  schedule  were  dictated  solely  by  sucrose  level  then  the  P^cane  o^  ^  matu  i 
ing  varieties  (yield  of  6954  lbs.  of  ^"^"^S^fter!  This  would  produce  a  total  theoretical 
varieties  (yield  of  6360  lbs.  of  sugar)  w°f ^^^ff^ule  were  designed  primarily  by  crop  then  he 
yield  of  13,314  lbs.  of  sugar.   However,  if  ^harvest  sen  ^^  bg  harvested  eariy  and  the 

stubble  cane  of  the  late  maturing  varieties  (yield  of  5068  lbs.  o    g        ^  harv£Sted  later.   This 
flant  cane  of  the  early  maturing  varieties  yield  of  825  lbs.  of  s  g  ,    ^^  ^  ^   considered  p^cti- 
would  produce  a  total  theoretical  yield  of  13,32   lbs.  o  sug         .^^  by  following  only  a  sucrose 

~heU^^ 

^Mf3-£  %zrz%  sr  ss  p-Hf-  -  — d  at  a  faster  rate  and  t0 

higher  level  than  if  the  reverse  schedule  has  been  followed. 

It  should  also  be  considered  that  early  harvest  of  the  plant  cane  crop  is  damaging  to  the  subsequent 

stubble  crop  yields  (10).  _ 

05rlv   However  they  would  be  logistically  re- 
There  may  be  valid  reasons  for  harvesting  plant  cane  early.  However  t  y  ^    ^  k& 
lated  reasons'such  as  poorly  drained  heavy  soils   ^""^S/p^uces  better  stubble  yields  in  subsequent 

ElSLS^  ^^^iS^^S^-1^  =SL.  i-  P-rily  -  crop  followed  by 
sucrose  percent  may  be  acceptable. 
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Table  1.   Varieties  included  in  this  study  and  the  %  of  the  state' 
Variety 


s  acreage  they  occupied  in  1978. 
%  of  Acreage 


CP  65-357 
CP  61-37 
NCo  310 
CP  48-103 
L  62-96 
CP  67-412 


Total 


50 

16 

10 

8 

4 

3 

91 


Table  2.   Best  models  for  the  relationship  between  yield  components  and  tj 
Yield  Component 


Model 


normal  juice  sucrose 

sugar  per  ton 

stalk  weight 

stalk  weight  x  sugar  per  ton 


Y  =  ax  +  bx2  +  c 

Y  =  ax  +  bx2  +  c 

Y  =  ax  +  b 

Y  =  ax  +  bx2  +  c 


Table  3. 


Variety 


Predicted  values  of  normal  juice  sucrose  for  six  varieties  across  harvest  dates. 


NCo  310 
CP  61-37 
CP  67-412 
CP48-103 
CP  65-357 
L  62-96 


Crop 


P.C 

STB. 
P.C. 
STB. 
P.C. 
STB. 
P.C. 
STB. 
P.C. 
STB. 
P.C. 
STB. 


Oct. 


7 

.78 

9 

.04 

9 

.04 

10 

.28 

8 

.71 

9 

82 

10. 

33 

10. 

52 

10. 

50 

11. 

21 

11. 

31 

Oct.  15 


9.02 
10.20 
10.20 
11.21 
10.27 

9.60 
11.17 
11.55 
11.63 
11.58 
12.25 
12.25 


Date  of  harvest 


Oct.  29 


9 

.87 

11 

.32 

10 

.79 

12 

.03 

11 

52 

11 

57 

11 

97 

12 

65 

12. 

34 

12. 

66 

12. 

85 

13. 

08 

Nov.  12 


10.73 
12.08 
11.24 
12.50 
11.98 
12.89 
12.63 
13.29 
13.03 
13.46 
13.33 
13.55 


Nov.  26 


11 

.38 

12 

.37 

11 

.40 

12 

.61 

11 

.93 

13 

54 

12 

90 

13 

45 

13. 

48 

13. 

81 

13. 

50 

13. 

65 

Dec.  10 


11 

.74 

12 

.50 

11 

.32 

12 

42 

11 

26 

13 

60 

12. 

84 

13. 

25 

13. 

67 

14. 

13 

13. 

42 

13. 

49 

Table  4. 


Variety 


Dates  at  which  varieties  reached  par  sucrose  (12% 


NJS), 


Stubble 


NCo  310 
CP  61-37 
CP  67-412 
CP  48-103 
CP  65-357 
L  62-96 


Nov.  11 
Oct.  27 
Oct.  31 
Oct.  19 
Oct.  18 
Oct.  9 


CroP 


Plant  cane 


Oct.  29 
Oct.  22 
Oct.  12 


Table  5.   %  weight  increase  from  Oct.  12  to  Dec. 


Late  maturing  varieties 
Early  maturing  varieties 


Stubble  cane 
12% 
15% 


Plant  cane 
15% 

16% 
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BbUi  Ylelcs  oiJHS^-^^^^^!^S1L^^ 

Stubble  cane 

Plant  cane 


L  62-96 
CP  65-357 
CP  48-103 
x 

CP  67-412 
CP  61-37 
NCo  310 
x 


8897 
7664 
4301 
6954 

5683 
5329 
5325 
5446 


10162 
9222 
5374 
8253 

7000 
7106 

6835 
6980 


Oct.  22 

5320 
6266 
4629 
5405 

5356 
5273 

4574 
5068 


Nov.  21 


6383 
7752 
5691 
6609 

7303 

5994 
5782 
6360 
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METHODS  FOR  DISPOSING  OF  UNHARVESTED  SUGARCANE 
AND  THEIR  INFLUENCE  ON  SUBSEQUENT  PRODUCTION 


G.  Kidder  and  B.  R.  Eiland 
Florida  Cooperative  Extension  Service  and  USDA 
Belle  Glade,  Florida 


ABSTRACT 

A  (=>  f-  a  y  -i  .-1  y  -i  *-  n  .-,  4 *_T .     , 

not  eco- 


and  sugar  production  were  investigated   Before  trea^.nJ  ^  dlSpoSal  method  ™   subsequent  cane 

the  other  was  not.  Treatments  coSLted  of  Tel £ thT alkTs'andine'  ^  "'  °f  Pl°tS  WM  ^^  but 
row  of  standing  cane,  running  a  rolling  chopper-drum  ov*rS»  Standlnf '  rUnnlnS  a  tractor  wheel  over  the 
both  burned  and  unburned  conditions   subsequent  cane  Z/  Ti',    m°Wlng  Wlth  3  rotary  mower-   U*der 

standing  and  highest  where  it  was  run  ovL'wlth  ?he  tractoTwheel  TifT™   ^  "^  the  «"  WaS  left 
ment  and  the  three  disposal  treatments  were  greater        fSl       T  ^^   the  Standing  treat~ 
nificant  differences  in  sugar  content  of  th-  ™      *  differences  among  the  disposal  methods.   No  sig- 
treatments  resulted  in  somewhat  Sgher  u    a"nd  ^  T/' ■    ^^   Pr±°r  C°  applyinS  the  dispo-l 
The  unharvested  cane  did  not  present  any  series     ,        "  ^he.Subse^ent  crop  than  not  burning, 
crop  but  dead  stalks  were  observed  in  all  harvested  saZle1"  T   "^  harVeStin§  of  the  subsequent  cane 
and  processing  of  cane.  harvested  samples  and  would  be  a  factor  in  commercial  harvesting 


INTRODUCTION 


spiteM?owerredUq8uaariit;  SK^^rS^   V'T^ll   T'^  *"  —  ""  ^  a  '»«.  - 
becomes  unacceptable  the  iSTLTSS  ^STS'-STS  J^oTES^.?"  ^  *"' 

tempera^. '  Mtn^rb:d?rfrofenncInrwa;  SlS^l"77  "?  ^  ^  -™1  "***»  °f 

hectares  of  frozen  cane  was  left  unnarvested   W         V*   ^^  ^^  the  freeZ6S'  about  4000 

for  disposing  of  the  unharvestfd  cane  Sugarcane  producers  were  then  interested  in  the  best  method 

burning  i^lSer 'growS  Sp^rn  £  S^*.  *■£«  h  "^  7V  ^  ^  ^i"8  "»  "*« 
flatten  most  of  the  stalks,  and  few  problem  arise  in  tL   JJ?      "  th&t  subse^t  tractor  operations 
some  growers  dispose  of  the  cane  by  Sttinfit  and  haul" l^the^o .'   ^  ^  ^  *"  """"^ 

However!  "'Sfe^^c^loufd^rfound'to^3111386'  T"^  '"*  ^  ^  t0  lnflu6nCe  yields  »•  2,  4). 
yield  of  the  subsequent  sugfrcan  cr"op   SSTSrtS'  J  "'£'  °f  diSP°Sal  meth°ds  in  mature  -ne'on'the 
harmful  to  the  subsequent  fane  crop  as  well  as  It  f"  T^1  of/nharvested  cane  could  conceivably  be 
field  operations  is  another  factoTthat  Ihould  be  cons^r^  *"*"*   intenSiV6-   Int"f—  "ith  subsequent 

the  pLh:io0ubs\Cr0^ea1,th;rv2te"^°arneedha1rbeirdeis  "  ?  ^r^^  "*  "*»  ^   *"  pl°tS  ^  * 
sugar  yields  when  Lne'was  J^n^^b^'.l^  £.£££"*  m6anS  ^  ^  "  C°mPare  ""  "* 


MATERIALS  AND  METHODS 


fr^^J^oftirS^t^JS7^41^  Pl3nt  SU8arCane  that  had  been  killed  by  the  J™^  1977 
Center  at  Belle  Glade  wa! I  uniform  and  gen  r liy  e  ect^Sla^s  S  ^ff1601'"*1  *—*  and  ^-atiln 
Sixteen  adjacent  rows  of  cane  were  selected  ror'the  di^poLl  ex^im^t!  '  "**"'*   "  "°  t0nneS  °f  Cane/ha' 

blockfofthe  l^tSS'hS Tthe^ld^s  bur^  the/\eld  J°  f°™  Sight  bl°CkS-  St^^   Cane  in  tb^  *>« 
unburned.   Two  randomized  complete  '  and,that  in  the  bl°cks  on  the  northern  half  was  left 

one  on  each  half  of  The  field"  Each  plot  STo  ntS,With,/f°Ur  treatments  and  four  replications  were  installed, 
formed  March  17  and  18  consisted  of •      l\  7*   f   ^     Jf  r0WS)  Wlde  by  15  meters  lon8'   Treatments,  per- 

row  of  standing  cane,  ' 3)  running  oL  tie  cane  with'/^lS  ^'k'1118'  ,2>  T"8  3  traCt°r  Wheel  ov«  the 
catcher")   and   4)  mow-ino  ,h^     !  rolling  chopper-drum  (known  locally  as  a  "devil 

driven  at'lS  to    kph  Sr  runnLg'over  STc'  f  ^  hyd"StatiC  traCt°r  e^ipped  with  dual  wheels  was 

catcher"  consisted  of  two  steel  cJllnder,  %n  '  J"   PUll±ng  ^  r°11±ng  ch°PPer-drum.   The  "devil 

tranverse  blades  protruling  if  cm'from  the  drum"  A  ll":'",-311'  '^  m  l0ng'  With  elght  ^^   Spaced' 

tractor  was  used  for  the  mowing  treatment  Y  m°Wer  P°Wered  by  3  3*-W  single-wheeled 
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The  plots  were  fertilized  by  hand  on  May  %™>J^£^**EP?«  £TX£  ^ 

able  stalks/ha  was  estimated  on  September  19,  197/,  by 

of  each  plot.  ^     g  were  burned  on  january  16, 

treatments  were  not  randomized,  statistical 
not  be  made. 

RESULTS  AND  DISCUSSION 

H  to  limit  the  weed  population 
Th.  leaf  «— i  sh.dins  the  Stonnd  in  "^^0^7™.  Weed  8™«n  «  — 1  I.  b«» 

»  —— -  - — -  -=-  —;;;;is ,  - , ,  -  * - - 

^"significantly  heavier  then  those  of  the  other  t  eatm.n  s     b  ^  ^  yUUs  in  the  sub- 

significant. 


TaMeJ^Jn^ar^^ 


Treatment 


Tractor 
Chopper 
Mower 
Standing 
Average 


Millable 
stalks 


Average 

stalk 
weight 


Sugar 

content 

of  cane 


Cane 
harvested 


Estimated 
sugar 
yield 


thousands/ha 

73  £ 

76  a 
69  a 
53  b 
68 


kg 

1.32  a 
1.27  a 
1.24  a 
1.38  a 
1.30 


kg/t 

127  a 
124  a 
127  a 
119  a 
124 


t/ha 

116.9  a 
116.7  a 
115.6  a 
107.6  a 
114.2 


t/ha 

14.9  a 
14.5  a 

14.7  a 

12.8  a 
14.2 


i; Column  values  followed  by  a 


"  ,.-j-  -  ^t-  fV,o  1-nprcent  level  according 

different  letter  are  significantly  dxfferent  at  the  1  percen 


to  Duncan's  multiple  range  test. 


,3^2^-siataJo^^ 


Sugar 
content 
of  cane 


Estimated 

sugar 

yield 


Tractor 
Chopper 
Mower 
Standing 
Average 

,  .  r-r:     .-  „♦■  the  1-Dercent  level  according 
J/„-  valnes  foiled  by  a  different  ietter  are  si8„if icantly  *«—.  at 

to  Duncan's  multiple  range  test. 
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although  SSXSig  S^tSScSS  stnl^ant0^8  "^  *?  <"«*"  **  ™  "~  *.  «-.  I 

the  left-standing  treatment  was  the  lowestif  cane  and  suS  vLT"  ^  !"  the  Unburned  Plots-   likewise, 
statistical  significance  resulted  only  in  the  unburned  Sots   rlt       ^  u™*   "*  Unburned  plots>  but 

treatments  were  intermediate  in  cane  and  sugar  yield!  and  lL   I  "8  f °PPer"dr™  ^d  rotary  mower 

yield  parameters.  Although  not  statistical?;  sign"  cant   he  Zlt^T^   ^  abOUt  6qual  effects  °n  the 
standxng  treatment  than  in  the  other  disposal  tridents''       §       ^   "aS  noticeably  l°wer  in  the  left- 

yuuTTii::\:i  ^^^b^^^x^vs^iir^ shows  that*  - »"■  «^  higher 

Plots  where  it  was  not.   Unfortunately,  it  was  not     i    "nmxllable  cane  was  burned  in  1977  than  from 
a  statistical  analysis  of  the  comparison  waHot  possible   1"     "  '  !  burned /unburned  treatments  and 
respectively,  in  the  burned  than  L  the  unburned  experiment  it  21'   ?J  ¥   "?  "%  nore  Cane  and  sugar/ha, 
by  burning  than  by  not  burning  are  real  and  that  SETSl  iSbS^tS'S.^^.Sfi!  ^  ^^ 

ment  sr^^ssrit'Sits:  ssis:  Lir of  ar°^lishment  and  f« the  —  °*  •***- 

cane  with  a   tractor.      To  accomplish   the  latter     til  tractor  Ih  ^"fT '    f°n°Wed   by  ™inS  —  the 

the  rows,    knocking  down  two   rows   at   a   time       visJbiMtv  ^  S?ly  drove   the  dual-wheeled   tractor  over 

to   stay  centered  on  the   row.      Centering  was  „  *"  ?T  5n  the  unburned   cane  and   it  was  difficult 

over  the  cane  crushed   it   to   the  groSd§an     par  i  1  1?  Jhe  burned   area.      Pulling   the  "devil   catcher- 

required  more   energy   than  the   first   two  metnSs  but^s   stJll  fairlv  '^   ^T^3'      ThiS  dlsp°Sal  method 
with  a   rotary  mower   required   considerably  mo   p   till        a  Y   Slmple  and   relatively   easy.      Mowing 

methods   tested.      The  mower  was   subjected  ^^SLm/^7-    '"   aCC°mpllsh  than  ^  °f   the  °««*  disposal 
Prolonged   operation  under   the   conditions   l^^llTultT^  u^este"  aT""    *   ^  *"»  ^ 

grounflittLtfo0"  JSX^'3JJ'llSLreMS8Sdt2  dry6  TT   ^   thS  KreatmentS   beCa-  Pa"   of  the 
fire,    but    the   lower  portions   of   the  old,    dry  stalks   did   not   W  t   *  bUrn6d   ±n   the   1978  P^-harvest 

of   stalks  present  a  problem  to   the  mechanic!  harvester  or   l^lrkrlV^TT™  d"   the  Unburned   portlons 
many  of   the  old   stalks  were  blown  out   by   the   exn  f      ,  ^   CUtt±ng  °f   ^P1".      Although 

were  noted   in  all   harvested   samples.      In  commercial      L   M,        ,        barVeSter»    some   billets   of  dead    stalks 
the  mill.      Although  the  old   stalks  wou Id   bHeparated "rom  tne   traSh.mat\rlal  wou"   lower  sugar  recovery  at 
Presence   of  many  dead   stalks  would   probably   re^ultTn   Sl^t^i^S^  ^^    "" 


CONCLUSIONS 


harvest!  ^her^ne^'sug"  ^l^erT^^Y^^  ^  "*  °™  ^«°   ^   the  subsequent 
not  burned.   Treatments  designed^  partial! crSh  tf  the'^  ^T^  ""  ^   h^d    than  wh-  "  was 
m  higher  yields  of  sugar  and  cane  than   treatment  in    f   T  ^  f^1*1"8  Su§arcane  -terial  resulted 
down  the  unharvested  cane  by  running  a  tractor  1"  i       J  ^  material  "a«  left  standing.   Knocking 
rolling  chopper-drum  or  a  rotary  mower  to  destroy  the  cine    ""  ^^  ±D  Mgher  y±elds  than  ^   a 
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AGRONOMIC  RESEARCH  AND  DEVELOPMENT  NEEDS  IN  SUGAR  CROPS 
Stephen  Kresovich  and  William  T.  Lawhon 
BATTELLE 
Columbus  Laboratories 
Columbus,  Ohio   43201 

ABSTRACT 

Wben  considers  sugar  crops  as  renewable  source; ;  of  energ; ,£ I^^J^^.^^JST 
goal  is  to  maximize  the  production  of  f e™n"b^c3"h  ^is  goal,  a  multi-disciplinary  approach  must 
while  keeping  the  unit  costs  to  a  mxnimum.  To  ^omplish  »   g   ,     ^.^  ^  a  Mgh  percentage  of 
be  taken.   This  approach  includes:  breeding  and  selecting  tor  tl   narrow-row  spacing  into 

fermentable  sugars  and  fiber,  improving  cult«fJ.P"2"lJl  equipment  to  plant  narrow-row-spaced  sugar 
the  cultural  practices  to  maximize  biomass  yiel d,  design £*  ^       ^  developing  the  full  potential 
crops  and  to  selectively  harvest  this  material  while  it  is  still  gr    >  development  has  dealt 

of  sweet  sorghum  as  an  energy  crop  in  temperate   regions,   P^ous  tec   pro-am  is  being  designed  to 
only  with  the  improvement  of  cultural  practices;  currently,  *  long  r  j  P  ^  ^   ^   crQps  as 
include  many  areas  of  agronomic  investigation  to  determine  the  tutu 
renewable  energy  and  chemical  feedstock  resources. 

INTRODUCTION 

™e  „„ited  States  needs  addition!  sources  of  reliable  fuels   Reside nts  of £^/^f "^S^ 
especially  aware  of  this  fact  because,  in  the  last  2  years  j£"8*=  °*  of3thermal  underwear.  What  then 

Simply  this: 

Fot  the  past  several  years  .attelle's  Columns  Bivision,  elong  -■  —^STSST^f 
include  major  state  agricultural  experiment  station   key  US  ^""^^     ^   (specl£lcally  sugarcane 
neering  companies,  and  consultants,  has  "-fc'  J    ^'     Toese  studies  indicate  that  augar  crops  may 
and  sweet  sorghum)  under  Department  of  ^'^""^'^^".ersion  into  fuels  (5).   However, 

straigntfo^aro^^ 

JS^.1*^tS^— ^  3  *  gaLhol  concept  may  he  overcome. 

•    a      ■      ^  rt,-  future  agricultural  technology  development  program  of 
Four  broad  areas  of  investigation  dominate  the  fut ure  Jg"Ultu         selection,  2.  improving 
sugar  crops  for  energy  production.   These  include    1.  J^^       "potential  of  sweet  sorghum, 
cultural  practices,  3.  improving  equipment   and  4   the  develop*  P^  ^^  rf  investigation  are 

Success  in  one  area  of  investigation  is  not  enough  to  5"^J*e  J  Je  program. 
integral  to  the  implementation  and  accomplishment  of  the  goals  ot  tne  P   g 

BREEDING  AND  VARIETY  SELECTION 

Sugarcane  and  sweet  sorghum  have  been  bred  -«^«  £*  —  ^StiTanfylelo  SISSS?1 
sugarcane  milling  equipment.  The  varieties  have  been  "l»«Jd  J"  ™      considerable  degree  when  the 
^aTneK^rb^rSsf^  cSracferi^cfwhichYsugar  crop  variety  should  possess  for  energy 
production  are: 

1.  High  tonnage.   To  make  an  impact  at  any  ^^^«*££^y££   S".«  not 
necessary.   This  entails  both  breeding  and  field JJ^^J8  *££.  production  at  narrow  row 
constrained  by  conventional  practices  (i.e.,  breeding 

spacings) . 

2.  High  fermentable  sugar  content.      For  energy  production     w< .are  concerned  with   ^levels^f 
all   fermentable   sugars   found   in   the   stalk.      MaXlmlf ^"^^    (invert)    sugar   level; 
\ir^%^T71ll  2  ^TJSS  ^S^auirLsL  Production. 

3.  High  rind  fiber  content.     With  *£^«*Z£**tt^ZJ£ZS*t  " 
co^^nlf  so*arc^?mriU„g,atbrr^f  fi^rT,"  val  able  by-product  which  can  be  used 

in  the  production  of   fiberboard,    a  plywood- type  material. 
4     Erect   growth.      To   increase   the   crop's   ability   to   intercept   solar   radiation  and   to   aid   in 
'    mechanical  harvesting,    erect   growth   is   required. 
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5.  Lodging  resistance.   Like  erect  growth,  lodging  resistance  aids  in  mechanical  harvesting 
Hopefully,  an  increase  in  stalk  rind  fiber  will  increase  lodging  resistance. 

6.  Tillering  capacity.   The  production  of  one  or  two  millable  stalks  is  all  that  may  be  required 
Because  of  ratooning  practices,  tillering  capacity  should  be  maintained  to  aid  during  stress 
periods. 

7.  Early  maturing.   The  goal  for  energy  production  is  to  maximize  production  per  unit  area 
Possibly  earlier  maturing  varieties  would  lead  to  a  production  of  two  crops  in  one  season  or 
three  crops  in  2  years. 

8.  Ratooning  potential.   Similar  to  current  practices,  a  variety  must  be  able  to  ratoon  a  number 
of  times  in  order  to  efficiently  decrease  production  costs. 

9.  Uniform  maturity.   This  characteristic  deals  primarily  with  sweet  sorghum.   Uniform  maturity 
aids  during  harvesting  and  processing  activities. 

10.  Increased  cold  and  drought  tolerance.   To  aid  in  product  availability  and  to  have  a  greater 
impact  in  the  energy  program,  increased  cold  and  drought  tolerance  are  necessary  to  expand 
sugar  crops'  acreage  in  the  United  States. 

11.  Increased  disease  and  insect  resistance.   If  production  area  is  to  expand,  increased  disease 
and  insect  resistance  is  necessary.   Possibly  with  the  use  of  high  fiber  varieties,  sugar 
crops   resistance  to  the  sugarcane  stalk  borer  will  increase. 

This  list  may  lack  some  traits  which  would  be  of  value  for  energy  production;  however,  these  are  the 
most  important  ones  and  should  keep  the  sugar  crops  breeders  busy  for  some  ti 


:ime. 


IMPROVING  CULTURAL  PRACTICES 


ugar 
In 
Florida, 


Currently,  the  improvement  of  cultural  practices  of  sugar  crops  is  the  only  area  which  has  come  under 
intensive  investigation  for  energy  production.   The  data  from  the  series  of  experiments  conducted  during 
1977  confirmed  the  hypothesis  that  use  of  narrow-row  spacings  can  significantly  increase  yields  of  a  sug. 
crop  where  the  growing  season  is  short  and  less  significantly  where  the  growing  season  is  long 

Louisiana,  sugarcane  yield  increased  30  to  60  percent  by  the  use  of  narrow-row  spacing  (3,  7) it,d 

which  has  a  longer  growing  season,  only  had  a  yield  increase  of  10  percent  (this  is  possibly  due  to  the 
effects  of  not  using  a  site-adapted  variety  or  cultivation  of  sugarcane  on  muck  soil)  (2).   With  sweet 
sorghum  which  has  a  relatively  short  growing  period  when  compared  to  sugarcane,  narrow-row  spacing 
increased  Texas  yields  by  50  percent  (6).   In  Mississippi,  narrow-row  spacing  increased  sweet  sorghum 
production  per  unit  area  by  as  much  as  25  percent  (personal  communication  with  Freeman  and  Broadhead) . 

Another  area  of  future  improvement  is  in  the  use  of  growth  regulators.  Not  only  can  these  chemicals 
be  used  to  ripen  the  crop,  but  in  some  cases  Alexander  (1)  has  found  dilute  applications  of  these  same 
MoHoOO1  Can  SVen  lnCreaSe  Plant  grOWth  rates-   Some  samples  of  these  growth  regulators  are  Polaris*  and 

Finally,  drip  irrigation  may  aid  in  the  effort  to  decrease  unit  production  costs  of  sugar  crops  on 
sandy  soils.   This  has  been  successfully  demonstrated  in  Hawaii  and  may  prove  functional  on  the  mainland 
when  sugar  crops  are  grown  for  energy  production. 

IMPROVING  EQUIPMENT 

The  amount  of  equipment  improvement  in  sugar  crop  technology  development  will  depend  on  the  cultural 
practices  that  are  selected  as  providing  the  best  fuels  from  biomass  system.   A  basic  tenet  of  this 
philosophy  is  that  biological  potential  should  not  be  limited  by  traditional  machinery  constraints. 
That  is,  if  narrow- row  spacing  shows  a  potential  to  increase  yields,  then  equipment  should  be  developed 
to  mechanically  plant  and  harvest  narrow-row  sugar  crops. 

General  improvements  are  as  follows: 

1.  Planting  equipment  and  techniques  must  be  designed  to  mechanically  plant  narrow-row  sugar  crops. 

2.  Harvesting  equipment  and  techniques  must  be  designed  to  handle  large  volumes  of  biomass  on  narrow 


rows. 
3. 


To  become  more  efficient,  green  cane  harvesting  and  a  system  to  separate  plant  parts  selectively 
are  needed.   For  example,  a  sweet  sorghum  harvester  that  collects  the  seed  head  and  leaves  as 
well  as  the  stalk  would  be  needed  to  make  the  fuels  from  biomass  program  a  feasible  venture. 
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DEVELOPMENT  OF  THE  POTENTIAL  OF  SHEET  SORGHUM 


Ulthout  sweet  sorg„„»,  the  P^«-^^^^"^uTJ^^T~l^i"^  -- 

except  in  crisis  circumstances.   Sweet  sorghum  has  an  ^°™°"f  P     tia{  is  a  major  undertaking.   Sweet 
priate  agricultural  technology  to  facilitate  achievement  of  the  potential        j^^  ^^  ^  t<j  fee 
"sorghum  varieties  that  are  appropri ate  for  the  var ious  gyjg^jlj         ^^  >t  high  yield   d  at 
selected  and/or  bred  (4)    The  cultural  P^1"* *£  t W^  other  major  potential  sweet  sorghum  growing 
low  cost  over  a  maximum  harvest  season  in  the  com  Deit 
regions  need  to  be  developed. 

Some  of  the  advantages  for  sweet  sorghum  as  an  energy  crop  are: 

1.  Cheap  to  produce 

2.  Rapid  maturing 

3.  High  yielding 

4       Doesn't   overwinter    (unlike   sugarcane) 

V.     S^sefSToS-ts   <fe™„taole  sugars,    fiber,   st.rch,   etc., 

The  major  disadvantages   include: 

1.  Short  harvesting  season 

2.  Uneven  maturity 

AU  o^Nfse'factrrsChlK^at  -eh  wort  is  necessary  to  develop  sweet  sorghu.  as  ,  large-scale 

commercial   crop. 

CONCLUSIONS 

-to    fea<=ihle        However,    agricultural    research  and 
The  concept  of   energy  production  from  -"gr   crops   isfeas  •  cropg   ^  an  energy   sou 

development   goals,    activities,    and   funding  ^  to  reflect   the  ^  Qf  lylng  a  number 

3   different   SpSSi.    "we  ^.S^M  make    fulJ   use   of    its   potential. 

REFERENCES 

for  Energy  and  Environment  Research. 

-  -s-- - tiT 2-^2-=  ESS JTSJ^KMrS^  =="«- 

press) . 
■    ,  ,  .nd  >  J  Matherne.   1978.  Close  row-spacing  and  sugarcane  yield.  Proceedings  of  the 
3-   'Terican  Soclet/of  Sugarcane  Technologists'  8th  doint  Meeting  <in  press,. 
*.  L,w„o»,W.T.,andS.Kreso,ich.   .973.  Sweet  sorghu.,  a  new  energy  crop  for  the  Midwest,  fitted 

to  Crops  and  Soils. 
5.  Lipinshy,  E.  ...  S.  Kresovich  T.  J.  McClnre  and  »  T  Lawhon  J,77   First,  -ond^.nd.Third^^ 
Quarterly  Reports  on  Fuels  from  Sugar  Crops  to  the       p 
Laboratories. 

o  •  u  A   r  u  HiDD    1978.   Narrow  Row  Spacings  of  Sweet  Sorghum  in 

"  "x^^-pr^d^gs-of-r^ric™  society'of  -S»-  Technologists'  8th  doint  Meeting  U»  press,. 

,  r   T  Newton   1978.   Methods  of  Planting  Sugarcane  in  Louisiana. 
'■  "pro^ed^gs-of-thr^rlcrsoiieiyTsugarcane  Technologists'  8th  Joint  Meeting  (in  press,. 

ACKNOWLEDGMENTS 

The  authors  gratefully  acknowledge  the  financial  support  ol ^^^^^^^J^^STlTi . 

Program  of  the  Division  of  Solar  Energy  of  the  ^J^^^^Lan,  and  M.  Giamalva  of  Louisiana  State 
In  addition,  the  authors  wxsh  to  thank  Drs  R.  ^"f^*  Vniversity  of  Florida;  Drs.  C.  Connolly  and 
University;  Drs.  D.  Myhre,  G.  Gascho,  and  T.  Shih  of  the  Unxve  s y  q£   ^  USDA  Houma  sugarcane 

S.  A.  Reeves,  Jr.  of  Texas  A  &  M  University;  Dr  J.  J*vine  a "J  ^ '    dian  s     crops  Field  Station; 
Field  Laboratory;  Mr.  K.  Freeman  and  Dr  D  *»«£*£££ y"  "r  T  A.  McClure  and  Mr.  E.  S.  Lipinsky 
Mr.  B.  A.  Smith  of  the  USDA  Food  Crops  Utilization  Laboratory,  ana 
of  Battelle's  Columbus  Division. 


-71- 


ROW  SPACING  EFFECTS  ON  BIOMASS  AND  COMPOSITION  OF  SUGARCANE  IN  FLORIDA 

G.  J.  Gascho  and  S.  F.  Shih 

Agricultural  Research  and  Education  Center 

Belle  Glade,  Florida 

sugarrrs-u'crose'  ^LS'tS^^.^'iSr1^^  ^T  *"  ^  °*   bi—  total 
higher  for  the  narrow  rows  than  for  the  wide  rows  due  to  ttl  l»T  ™T   *"  y°Ung  Cane  Was  ™"* 

Plete  capture  of  available  sunlight  and  improved  wfed  control   The  IT     *   "^  reSUUe<3  ln  m0re  c™~ 
decreased  with  plant  age.   Dry  biomass  in  May  was  more  thin  300     adva^age  of  the  narrow  row  spacing 
for  the  1.5  meter  row  spacing.   m  October,  the advantage  was  L?  T     §    f°r  the  °'5  meter  than 
after  planting,  141  and  41  metric  tons  per  hectare  TfrllLT/     IT   ^"^   In  Dece*ber,  one  year 
Total  sugar,  sucrose  and  fiber  yields  reached  17^0  15  7  and  19  7     ^^    resPertively.  were  harvested, 
for  mature  cane  at  the  0.5  meter  row  spacing  and  15  4   13    1   ,?'"  t0nS  P6r  hectare,  respectively, 
spacing.   The  application  of  glyphosine  6  wfeks  prior'to  the  £Li  i*  -trie  tons  at  the  1.5  meter  row 
of  both  total  sugars  and  sucrose.  P        the  fl"al  harvest  significantly  increased  yields 

INTRODUCTION 

sourcIrjrthe'L^urrhavl   Z^t^ iT^^C^  "*   ^^   —   °f 
United   States.      Capturing   solar   energy  via  piotosynthlsis'S  l/lT*™^  S°UrCeS   °f  ener^  -thin   the 
is   the  most   efficient   crop   plant    in   ills   re  nd  P      f        high   interest.      Sugarcane    (Saccharum  spp.) 

centrations   and    total   yields   of   sugar  are      l^ly   con'erSble   "   lllT^t      Ad^tionally   the  high   co'n- 
high   potential    efficiency   of   sugarcane    is   rarelv   nl  .tC   fuels'    such  as   alcohol.      However,    the 

conditions,   varieties,    etc.      Long  periods   S  incolletTLn         ^   ^   t0  SuboPtlmal   clinate,    ^  JJ 
temperatures   decrease    the   yearly^rficieLy  of   phTtoIynthesisf  "*"   "  F1°rlda'    **   t0   ^^^  winter 

of   solar^gy^-^erthTcoTitSns   ITl^^l^Tlll  ^  ^   ""   *»  ™   ■»**"   "**» 
doubled   by  decreasing    the   row  spacing   from   the   standar      1    ITTn  n\     ^m'T'    Cme   t0nnage  Was  mor'   than 
cane  grown   full   season   in   Florida  did   not    respond   to  narrow  !  -m   (Matherne  and   J™e,    1978).      Sugar- 

tically   significant  differences   in   total   cane  or  suLnc!      •    ff  sPacln8-      Rice,    (1978)    found  no  statis- 
1.5  m   for   two   varieties   grown   for  3   harvests    (42  ^  SLct"?"   ^   "   ^  ^i^   °f   °'9   and 

and    total    sugar  has   not   previously  been  studied    in  Florida.  narr°W  SpaClng   °n  b±°mass>    fiber 

of   a  P^nr^ror^riu^rclnl^own"^  n^row  S'SS^^S  ^T    ^    "" ~-   '»«   ^S 

determine   the   effect   of   a   ripener   on   total    sugar   accumulation.    '  ^ '  SeCOnda^   objective   was   to 

MATERIALS   AND  METHODS 

l976.^TtVP^LrtL51L7oS:  ^rslirwa0;^"^3"    ^  Y7  "   °"  ™   2°  -   »■ 
of   800  kg/ha  of   a  0-10-40  fertilizer   c"ontaJning  small  ^nts^f^       '   diSklng   Md   broadc-t   application 
Furrows  were  made   on   0.5  m   centers    in   all   pS   "sine   afield        ,,        mlCr°-nutrients   Cu,    Mn,    Zn   and   B. 
rows    in  each   furrow  for   the   0.5  m   row  spac  an  field   cultivator.      Seed   cane  was   planted    in   double 

blocks   of   the    two   row  spacings   were  ^eT^ch   HTlll  ^Vx^m^  ha)."   *"  "^»'      *™ 

r^^^^rl^t£^J?^f   a""°?hl°r   «*   ™'    respectively,    was 
1.5  m  plots   and   some   spot    treatments  with  a  portable  tank  lor**  ^  "*"  USSd   t0  COntro1  weed*    in   the 

because   of    the   quick  canopy  closure   in   t   e  0  t  „   P     "^  T   reqUlred    in   °"5  m   ?lots.      However, 

than   in   1.5  m.    rows.      The  water   table  wis  maintained  at  about^  cT     ""I'?  ^   "^^    ±n  °'5  m  rows 
5   days    in  April,    1977,    when   the   plots  were   flooded   due    to   ^rain   of   Sout   25   cm!  Perl°d   °f   ^^^^ 

of    th--^  by  counting   stalks    in   15  m   of   each 

average   plant   weight.      Both   fresh   and   dry  weight   were   obtained   hvK-^"  CUt   ^  Wei8hed    t0   °btain   the 
again   after   drying   at    70°   C.      Biomass   waS  calculated    as   th      1"  7%   ^    Mlnediat^y   after   cutting   and 
Plant   weight.      For   the  months   of  August    through  Dumber te '^^IJ^'^^^.^rSS..    and 
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u      AAoA    in  a  Teffco  cutter  grinder  and  disintegrated  in  a  large 

Ss  sr^^r.  sss^-ts  ^r^ft^-  >«„  .  .— „  ^  *-*.  *. 

raw  juice, 
individual    subplots. 


RESULTS    AND   DISCUSSION 

than   1  m  within   the    row. 

^    ,-„    thP    1    5  m   rows.      Closure  was   essentially   complete 

Canopy   closure  was    rapid    in   the   0.5  »   rows   compared    to     he    15m      ^  rf   weeds   were   controlled 

J^LILS  3  mLSirin°^idl-5ro;srd-irnegXCrtireanyd  May.      U   spot   chemical    control   was   needed    » 
the  narrow   rows. 

Mfm«.s  i„  populations  j,   st.lhs   in  Ma,  and  *j.  «.  ^"f^  S^SS  to  £"f£l 

&  "SaSfiSrr  «5*=  -" "  -  — "-' " 

individual  stalk  weights.  Of  interest  is  the  rapid  i"««        «  pece.ber.  The  grand  growth  period  of 
abrupt  leveling  of  the  weights  during  th. ;  period  of  September  th^g  ^^   ^^         ibe  variety 
uP^S,  apparSi;  SSr«.*ST!^S  "«  tapidl,  than  .os«  orber  varieties  grown  in  Florida. 

Iotal  above-gronnd  bio„ass  was  relate, .to  -population  wit, ^^J^Si.'T^^' 
^'SrS.r^.r^S^SS^-1  "^Si  ^  the  »»?„  and  wide  *-.  — ^  a  10, 
advantage  in  favor  of  the  narrow  rows. 

i  -,      ,_      ..jj,.!,  nniv  for  the  September  sampling  (Figure  4)  . 

Total  sugar  ha"1  was  affected  significant^ ,  by  row  width  only  fo  the  J,  ^  glyphosine  ±n   October 
The  highest  total  sugar  accumulation  was  attained  by  October        pp^   ^  ^   ^   significant  lnter_ 
significantly  increased  total  sugar  ha   by  IM   over 
action  between  glyphosine  and  row  width. 


e   as  well  as  the  total  amount  of  sucrose,  increased  with 
planl^-sucrose  S*  ^iw^Yigher  for th, >  0 .= -  -«-  ^  ^  iS^SLT-SS  n"'  _, 
hl^rrefted^Kr-o^^tirr^d  between  glvphosine  and  row  width  <«  sucrose  ha 

No  significant  differe„ces_b.t.ee„  the  two  row  widths  were  recorded  for  fiber  h,   . ,  ,<■     , ■ 
yields  up  to  19.5  metric  ton  ha 


Fiber 


were  obtained  in  October. 


The  study  indicates  that  high  biomass,  sugar  and  fiber ^d«      year^may  be  increased  by  harvesting 
The  results  /end  to  suggest  CP  65-357  ^^ures  early,  and  bxom ass  yi Ids  y   ^  J  ^       le  haryest 

at  intervals  of  less  than  12  months.   This  P08"*1^*™^*    in  Florida  which  affect  growth,  sugar 
scheme  will  meet  with  constraints  due  "seasonal  weather  chang 
concentration  and  may  even  result  m  a  loss  of  the  plants 


— '  Smith, 


A.  Personal  communication 
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Figure  1.   Stalk  populations  by  month  at  0.5  and  1.5  m  row  spacines   **  anA   * 

significantly  higher  at  the  1%  and  5%  levels  rlpectivgy.     "    "  °'5  ™  IOm 
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Figure   2.      Fresh  weight  per  plant  by  month   for  0.5  and   1.5  m  row  spacings.      *   -   1.5  m  rows 
significantly  higher  at   5%  level. 
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Table  1.   Total  fiber  In  !*<Li*™LJSrou^^ 


M°nth  0.5  M 


1.5  M 


.  ~  ~  ~  -  Metric  tons  ha   - 

August  17 

September  ,_  , 

lo  .  D 

October  195 

November  . 

lo .  0 

December 


18.9 


14.7 
15.5 
19.4 
16.7 
17.2 


■""■  bet"""  ""  ™"   ^'™  n„tT~„lfIca„t  «  the  o.05  lerel  by  „alys-7^— I 
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ABSTRACT 


nf   n  s  *r,H  1  5  m  at  Belle  Glade,  Florida  for  biomass  production. 
Sugarcane  was  grown  at  row  spacxngs  of  0.5  and  1.5  m  at  Belief    ,  ^  sugarcane 

A  regression  model  involving  degree  days  and  solar  radiation  was  develop      v 
biomass  and  total  nutrient  content   The  drywexght  was  predicted  well  by  exther  degr     y 
radiation,       or  a  combination  of  d«8«e  days  and  solar  radxatio n.   T he  f res     |^     n>   The  rang£S 
and  Mg  were  predicted  well  only  when ,*e  model  combined  both  degree  days  varied  from  QJ1   tQ 

of  multiple  regression  coefficients  (R)  for  biomass  and  nutrxent  conten  p     ^  ^   ^   ^  ^  ^ 
^:3spacihnegs°;L:  Z^^^l^l^,^   contendere  accurately  predicted  by  using 
both  degree  days  and  solar  radiation. 


INTRODUCTION 


Since 


Recent  studies  have  indicated  the  potential  of  sugarcane  as  a  renewable  source j  of  e-rgy  (5).^ 
sugarcane  produces  more  biomass  per  unit  area  and  time  than  any  o ther  crop  pres    **  '  ways 

prime  candidate  for  research  into  the  potential  of  fc*"  ™U*"  £  ™^f  strategy  of  flexible  co-product 
of  increasing  the  biomass  per  unit  area  is  to  decrease  ™*gg£^   which  key  biomass  intermediates  are 
manufacturing  system  has  been  considered  for  sugarcane  ^^\^^^  \6)  ,      In  order  to  plan  the 

^^;^^i^z^^^^^^^^i  — » -dei  to  predict  the 

potential  yields  of  biomass  and  nutrient  content  needs  to  be  developed. 

Solar  radiation  and  degree  days  have  been  used  »^™;££™Z&  if  ^uaily  influenced  by 
predict  sugarcane  yield.  One  unan swered  qu es  ion  is  wheth er  the  J^^^J^  Jith  average  daily 
both  solar  radiation  and  degree  days   Jllen  (1)  combined  total  degree  days   g ^  ^  degree_day 
solar  radiation.   However,  Bates  (3)  indicated  that  there  are  some  production  since  solar 

concept  and  that  solar  radiation  is  a  more  ^curate  guxd .than  degree  days  in    p  p   ^  ^  ^^  ^^ 
radiation  provides  for  both  the  photosynthesis  and  ^at  required  n      P  radiation 

the  sugarcane  biomass  and  total  nutrient  can  be  Prated  base on  exther  .  ^ 

alone,  or  combining  both  degree  days  and  solar  radiat ion   Th erefore   th e   J  mo      biomass 

1.  to  develop  a  general  model  based  on  degree  ^8  ^Jjlar  radiation  fo  p       ^duction  in  Florida 
and  nutrient  content  in  two  row  spacxngs,  and  2.  to  Predict  the  P°"£ 
based  on  long  term  historical  records  of  temperature  and  solar  radxatxon. 


MATERIALS  AND  METHODS 


Sampling  and  Data  Source 

a   ,-„  a  fnpi^  located  at  the  Agricultural  Research  and  Education  Center 
Sugarcane  biomass  was  measured  in  a  field  located  at  the  Ag  conventional  row  spacing 

(AREC),  Belle  Glade,  Florida.  A  narrow  row  spacing  of  0  5  ™  compared  ^  ^  ^  ^^ 
of  1.5  m  in  four  blocks  of  a  randomized  comPlet*  "°^dS;^water  table  was  maintained  at  a  depth  of 
methods  of  pest  control  and  fertilization  were  followed   The  water  tab  December,  1976.  Due 

approximately  45  cm  below  the  soil  surface   Cane  variety  CP  "J57  was  plant 

to' the  freezes  of  January  and  February,  1977,  the  young  cane  P^f s  ^^^  replanting.   The  sample 
greater  than  1  meter  were  replanted  xn  March,  1977.   All  the  cane  grew 
procedures  were: 

1.  Bfomass  proauctio,™  "trt1r"Seycb,L»"I"tcS  at  ZZStZl'ZSZ  IZrZToT'L 
product  of  the  number  of  stalks  per  hectare  times  the  average  weight  per  stalk. 


y^^z^^;r^^i^^^^-^^^^^^^ 


Laboratories. 

-77- 


the  nutrient  concentration.  Y  °btainin8  the  Product  of  the  biomass/hectare  times 

PloriSriSrrL^Lts^s-:^-  ^CT^l  iriShed   —  °f  «»  ^  BeXXe  Clade, 
Speedomax  H  recorder  with  a  Disc  Instructs!  S'^oS1o7  J'lKSS"  ""  "  ^  ^  ^"^ 

^*^^^^  £"  «™f  October  to  correspond  with  the 

through  1977.   The  monthly  average  of  daily  soJar  radiation  fT  7   P   "'  ^  aVer&8ed  f°r  the  ^ars  1971 
Degree  days  (DD)  is  defined  as  a  daily  mean  temperature  abovf  60  V^VS  *"  ^   ^   listed  in  ^«   L 
average  daily  mean  temperature  =  20  degree  days   1   ,  7  I   (  Y  C) *   F°r  examPle,  a  80  F  (26.7  C) 

and  for  1977  were  also  listed  in  Table  I   A  ^year  avera^o^  ^  '7  *   ""T"  aVera*e   Cl926-i977), 
radiation  as  shown  in  Table  1  were  used  to  predict  the  potential   ^^  dayS  and/or  7~^ar  average  of  solar 
contents  in  Florida.   The  data  of  ^  ^        ™   **     X\  ^  bl°maSS  ""*«««  and  nutrient 

used  tor  1977  biomass  and  nutrient  content  predictions. 


Month 


Temperature 

52  year  average 
(1926-77) 


1977 


7  year  average 
(1971-77) 


Solar  radiation 


1977 


MR. 

l 


CMR. 

l 


degree  days 


Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 


324 
459 
550 
629 
640 
596 
464 


324 
783 
1333 
1962 
2602 
3198 
3662 


359 
462 
627 
653 
664 
614 
390 


359 
821 
1448 
2101 
2765 
3379 
3769 


*MD_.  =  The  degree  days  of  ith  month 

CMD.  =  Cumulative  degree  days  at  ith  month 


ly/dy 

514 

514 

517 

517 

501 

1015 

514 

1031 

474 

1489 

504 

1535 

457 

1946 

460 

1995 

448 

2394 

443 

2438 

405 

2799 

397 

2835 

375 

3174 

415 

3250 

m±   -  The  average  of  daily  solar  radiation  in  ith  month 


CMR.  =  Cumulative  average  of  daily  solar  radiation  at  i 


th  month 


Model  Development 


solar'ra^So^^ar0^111118  ^  ^^a^madeY'  ?T"  ?  »trt«t  "  *  *""**»  °*  «^  ** 

content.   If  the  biomass  accumulation  by  21  Z of  a livedo 'th  ^^  ^^  ^^  ^   "^ 
and  average  daily  solar  radiation  (MR)  over  that  month  JZ.T     Was  ProPorti°nal  to  the  degree  days  (MD) 
month  would  be  proportional  to  (CMD.  +  SSYor       '        *  *""   bl°maSS  (B  •  >  accumulated  over  each 


B, 


oc 


B2  « 


(CMD1  +  CMR^ 
(CMD2  +  CMR  ) 


where 


1) 


B  oc 

n 


(CMD  +  CMR  ) 
n      n 


CMD1  =  MD 


A  series  of  annual  research  reports  published  by  AREC  -  Belle  Glad, 
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CMD  =  CMDn  +  MD 
2      1     z 

2) 

CMD   =  CMD   ,  +  MD 
n      u— J.     li 

and 

CMR  =  MRj^ 

CMR2  =  CMR.,^  +  MR2 


3) 


CMR  =  CMR   ,  +  MR 
n      n-i     n 

the  cumulative  biomass,  CB,,  would  be 


CB1  =  Bl 

CB2  =  CB1  +  B2 


CB  =  CB    +  B 
n     n-1    n 


A) 


The  formulation  of  Sugarcane  nutrient  content  was  similar  to  the  biomass  accumulation. 

The  model  used  to  predict  sugarcane  biomass  and  nutrient  content  at  ith  month  C±)  can  be  expressed 


BN.  =  a  +  bCCMD^  +  c(CMR±) 


5) 


where 


BN  =  either  biomass  in  T/ha.  or  total  nutrient  content  in  kg/ha  at  ith  month; 

i 
CMD.  =  cumulative  degree  days  at  ith  month 

CMR  =  cumulative  average  of  daily  solar  radiation  at  ith  month 

i 
a,  b,  c  =  constants 

...  ,  hV,_  rMr)  or  the  CMR.  variables  alone  to  predict 
In  order  to  observe  the  possibility  of  using  either  ^^l0*™*^ 
the  biomass  and  nutrient  content,  equation  5  can  be  separated  xnto  two  cases. 

Case  1.   For  degree  days  variable  alone: 

BN  =  bQ  +  b±    (CMDi)  6) 

Case  2.   For  solar  radiation  alone: 

BN1  =  cQ  +  c-l  (CMR±) 
where  bQ,  bp  cQ,  and  c±   are  constants. 

RESULTS  AND  DISCUSSION 

The  cumulative  degree  days  at  ith  month  (CMD,)  and  cumu ^^^^^^^^^^^ 
month  (CMR,)  as  defined  in  equations  2  and  3  were  computed  based  on  degre    y     ^   ^  ^^  ^ 
radiation.1  The  results  for  a  52  year  average  and  for  1977  were  £^n       ar£  presented  in  Table  2.   As 
for  fresh  and  dry  weights,  N,  P,  K,  Ca,  and  Mg  in  0.5  and  1.5  m  row spac  g      P   ^      r±ng  wlth  the 
Tables  1  and  2  show,  the  data  on  biomass  and  nutrient   on  -t  (BN)  had  a       ^  j^  ^  ^ 
data  of  degree  days  and  solar  radiation  because  the  data  of  BN  we    J  For  example,  the  data 

Therefore,  a  1-month  lag  must  be  considered  in  equations  5  6  *£  7  *° r        ^y  ^  ^.^  &  & 

of  CMD4  and  CMRA  were  used  to  predict  the  parameter  BN5.   In  oroe  d  on  the  data  given  in 

case  or  combining  both  0.5  and  1.5  row  spacing*  <»     ^^^En  coefficients  (b0,  hlf  c0.  and  c^  as 
Tables  1  and  2,  a  regression  analysis  was  used  £  estimate  the  r  g  ^  ^  spacings>  The 

shown  in  equations  6  and  7,  and  correlation  coefficients  ■<*>  forb  Table  3.   First,  the  CMR  variable  alone 
results  are  listed  in  Table  3.   Two  observations  can  be  drawn from  Table  J  ^      .^^  ^ 

was  slightly  better  than  CMD  alone  because  the  .«  ^.'"J^S    mass  because  the  r  values  were  0.92 
or  the  CMR  variables  can  be  used  alone  to  predict  the  dry  wei j"o*  D  both  ^     ings.   There- 

to o  97.   But,  the  predictions  for  other  parameters  were  not  shown  to    go 
fore,  a  model  indicated  in  equation  5  was  applied. 
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Monthly  sugarcane  biomass.  and 


Month 


May 
June 
July 
Aug. 

Sept. 

Oct. 

Nov. 


-  m  - 

0.5 
1.5 

0.5 
1.5 

0.5 
1.5 

0.5 
1.5 

0.5 
1.5 

0.5 
1.5 

0.5 
1.5 


Fresh       Dry 
weight     weight 


T/ha  - 


21.15 

5.74 

136.90 
57.56 

153.40 
91.38 

170.66 
139.21 

149.50 
125.50 

151.25 
143.73 

127.36 
116.40 


3.13 
0.90 

16.95 
7.11 

21.18 
12.60 

34.29 

27.26 

35.83 
30.83 

40.28 
38.00 

35.53 
33.78 


nutrient  content  in  two  row  spacing 

N         P  K        ca 


55.45 
16.25 

180.18 
84.20 

167.60 
106.13 

196.20 
158.23 

160.65 
149.70 

200.25 
181.00 

184.50 
169.75 


10.13 
2.95 

40.15 
15.13 

36.20 

21.75 

39.48 
31.45 

31.93 
27.83 

38.50 
36.00 

41.10 
35.10 


kg/ha 

115.68 
31.18 

490.90 
218.80 

421.85 
280.98 

548.55 
464.63 

394.18 
389.70 

439.25 
448.25 

342.75 
353.25 


10.40 
3.18 

36.95 

15.18 

54.95 
29.40 

48.93 
39.65 

33.43 
27.58 

47.00 
43.50 

45.50 
41.08 


Mg 


5.40 
1.68 

31.55 
12.98 

38.95 

23.43 

39.38 
29.08 

28.18 

24.58 

38.00 
33.50 

38.90 
33.93 


Par 

ameters 

Row 
spacing 

5 

CMD 

ik;  m  two  row 

spacings. 
CMR 



0 

bl 

r 

c 

0 

c 
1 

r 

-  -m  -  - 

V. 

Fresh  weight 

0.5 
1.5 
CNW* 

87.7548 
28.9688 
58.3618 

0.0202 
0.0326 
0.0264 

0.52 
0.84 
0.64 

74.1433 
12.5771 
43.3602 

0.0288 
0.0436 
0.0362 

0.57 
0.85 
0.67 

Dry 

weight 

0.5 
1.5 
CNW 

6.7193 

-1.1701 

2.7746 

0.0096 
0.0108 
0.0102 

0.92 
0.96 
0.92 

2.1273 
-5.9738 
-1.9233 

0.0127 
0.0142 
0.0134 

0.93 
0.97 
0.92 

N 

0.5 
1.5 
CNW 

112.3684 
36.0943 
74.2314 

0.0245 
0.0418 
0.0332 

0.64 
0.92 
0.73 

97.4077 
15.3911 
56.3994 

0.0341 
0.0558 
0.0449 

0.67 
0.93 

0.75 

P 

0.5 
1.5 
CNW 

23.7393 

6.2656 

15.0025 

0.0049 
0.0086 
0.0068 

0.57 
0.93 
0.69 

20.4814 

1.9855 

11.2334 

0.0069 
0.0115 
0.0092 

0.62 
0.94 
0.72 

K 

0.5 
1.5 
CNW 

327.1156 
118.4027 
222.7592 

0.0317 
0.0927 
0.0622 

0.29 
0.79 
0.53 

299.9558 

70.7657 

185.3608 

0.0481 
0.1245 
0.0863 

0.34 
0.81 
0.56 

Ca 

0.5 
1.5 
CNW 

27.1060 

7.4750 

17.2905 

0.0060 
0.0101 
0.0080 

0.52 
0.87 
0.65 

22.9786 

2.3821 

12.6804 

0.0086 
0.0135 
0.0110 

0.57 
0.89 
0.68 

Mg 

0.5 
1.5 
CNW 

both  0.5 

19.0872 

5.4337 

12.2604 

0.0059 
0.0083 
0.0071 

0-62 
0.91 

0.71 

15.2533 
1.2175 
8.2354 

0.0084 
0.0111 
0.0097 

0.67 
0.93 
0.74 

*CNW 

=  Combining 

and  1.5  m  i 

row  spacings 

data. 

■ 

Recording  to  the  data  shown  in  Tables  1  and  2,  a  maxi 

Bpwise  multiple  regression  program  was  applied  to  estimate  the  coefficients 


(R)  improvement  ste 


cimum  multiple  correlation  coefficient 
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-■    *   ThP  rMults  of  a  b   c,  R  and  F-test  for  0.5  m  row  spacings,  and  CNW  case  were 
given  in  equation  5.   The  results  or  a,  o,    <- ,  a         ToK1o  A. 
listed  in  Table  4.   Some  observations  can  be  drawn  from  Table  4. 

ff.  •  „fwsl  ,•„  Table  4  are  higher  than  the  correlation  coef  f  icients  (r) 

1.  The  -If  P^T6  ?n  r^lie  tha"   h  multi  t:  regression  including  both  CMD  and  CMR  is  better 
Kan  the  lineJr  ^egresJirwith  either  the  CMD  or  the  CMR  variable  alone  except  in  the  case  of 

2.  The  SSpie  regression  as  shown  in  equation  5  can  be  used  to  predict  biomass  and  nutrient  content 

u    „«  .-£=  v   i-.ct-  wpre  all  hiehlv  significant  at  the  0.01  level. 

because  the  h-test  were  an  uj-gu-i-y    B  _        spacing  and 

climatic  conditions.  varied  from  0.7  to  0.92  which  was 

content  can  be  predicted  well  when  the  row  spacing  is  greater  than  0.5  m. 


Table  4. 


Coefficients  of  multiple  regression  and  correlation  and  F-test  in  two  row  spacings. 


Parameters 


Row 
spacing 


Multiple  regression  coefficients 
a  b  c 


Multiple 
correlation 
coefficient 
(R) 


F-test 


Fresh  weight 


Dry  weight 


Ca 


Mg 


0.5 
1.5 

CNW 

0.5 
1.5 
CNW 

0.5 
1.5 
CNW 

0.5 
1.5 

CNW 

0.5 
1.5 

CNW 

0.5 
1.5 

CNW 

0.5 
1.5 

CNW 


-62.7427 
-29.7857 
-46.2641 

-3.0208 

0.9048 

-1.0580 

-19.1779 
-27.4633 
-23.3206 

-11.7880 
-7.1784 
-9.4832 

-102.5739 
-80.3426 
-91.4582 

-20.8871 
-11.6734 
-16.2802 

-19.8478 
-11.1844 
-15.5161 


0. 
0. 
0. 

3048 
0943 
1996 

•0. 
0. 
0. 

0115 
0153 
0019 

-0. 

-0. 
-0. 

2596 
0954 
1775 

-0 

-0 
-0 

0719 

0204 

.0461 

-0 

-0 
-0 

.8964 
.3365 
.6165 

-0 

-0 
-0 

.0977 
.0313 
.0645 

-0 
-0 

-c 

.0782 
.0276 
.0529 

0.4279 
0.1671 
0.2975 

0.0277 

-0.0059 

0.0109 

0.3741 
0.1807 
0.2774 

0.1010 
0.0382 
0.0696 

1.2218 
0.5651 
0.8935 

0.1365 
0.0545 
0.0955 

0.1107 
0.0473 
0.0790 


0.81 
0.87 
0.76 

0.93 
0.97 
0.92 

0.84 
0.95 
0.81 

0.88 
0.96 
0.80 

0.71 
0.83 
0.70 

0.85 
0.91 
0.78 

0.90 
0.96 
0.84 


** 
** 
** 

** 
** 
** 

** 
** 
** 

** 
** 
** 

** 
** 
** 

** 
** 
** 

** 
** 
** 


CNW  =  Combining  both  0.5  and  1.5  m  row  spacings  data. 
**  =  F-test  significant  at  0.01  level. 

In  an  attempt  to  determine  the  potential  sugarcane  biomass  and  nutrient  content  that  can £*«*** 
based  on  long  term  historical  records  of  degree  days  and  solar  radiation,  the  results  of  long  term  pre 
diction  were  close  to  the  values  obtained  in  1977  (Table  5). 

in  order  to  observe  the  deviation  between  experimental  data  and  ^-^-  *£*£•  ^^TtrSnt^1 
data  and  predictions  based  on  equation  5  were  plotted  in  Fig.  1  for  biomass,  and  in  Fig  2  for  nutrient 
content.   A  combined  case  without  considering  the  row  spacing  dlf fe "«*•  "JjJjJ* %£?££&: £  spacings, 
high  R  value  of  0.92  implies  that  the  monthly  sugarcane  dry  weight  can  be  predicted  well  in  botn  r    P 
Tnese  two  figures  show  that  the  prediction  model  fits  the  experimental  data  very  well  and  should  be  useful 
for  biomass  and  nutrient  content  estimates. 
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the  year 

1977   anc 

I   the   lc 

>ng  term  average 

i    (.±yzo- 

Table  5 

Simulateu    lcou. 
Row                 Dry 

wt. 
Lpa 

N 
1977 

Lp 

P 
1977 

Lp 

K 
1977 

Lp 

Ca 
1977 

Lp 

Mg 
1977 

Lp 

Month 
May 

m  - 

0.5 

1'5h 

CNWD 

7.7 
3.3 
5.3 

7.5 
2.8 
5.2 

81.0 
31.7 
56.4 

89.0 
34.5 
61.8 

14.6 

5.2 

10.0 

16.8        207.3 

5.8          91.0 

11.4       149.2 

235.0 
101.1 
168.1 

14.6 
5.3 
9.9 

17.6 

6.2 

11.9 

9.3 
3.4 
6.3 

11.7 
4.2 
8.0 

June 

0.5 
1.5 

CNW 

16.1 

7.4 
11.7 

16.1 

6.9 

11.5 

153.4 

80.5 

117.0 

157.3 

81.2 

119.3 

33.3 
15.5 
24.4 

34.4 
15.6 
25.1 

421.2 
226.0 
323.7 

435.7 
229.8 
332.7 

39.6 

18.8 
29.2 

41.2 
19.1 
30.1 

30.1 
14.9 
22.5 

31.3 
15.2 
23.2 

July 

0.5 
1.5 

CNW 

22.8 
14.0 
18.4 

22.9 
12.5 
17.7 

179.2 
111.8 
145.5 

191.8 
114.4 
153.1 

39.1 
21.9 
30.6 

42.8 
22.5 
32.7 

474.9 
299.8 
387.4 

521.8 
312.5 

417.2 

47.2 
26.7 
36.9 

52.1 
27.8 
39.9 

36.8 
21.5 
29.1 

40.7 
22.5 
31.6 

Aug. 

0.5 
1.5 
CNW 

28.1 
21.3 

24.7 

28.3 
19.4 
23.9 

181.2 
132.6 
157.2 

199.5 
137.0 
168.2 

38.6 
26.2 
32.5 

43.7 
27.1 
35.5 

451.6 
340.0 
395.8 

516.3 
359.1 
437.7 

46.2 
31.3 
38.7 

53.1 
33.0 
43.0 

36.7 
25.2 
30.9 

42.1 
26.7 
34.4 

Sept. 

0.5 
1.5 

CNW 

32.8 

28.8 
30.8 

33.4 
26.6 
30.0 

175.1 
149.3 
162.2 

200.9 
156.9 
178.9 

35.6 
29.5 
32.7 

42.9 
31.2 
37.2 

397.6 
366.9 
382.3 

490.0 
396.9 
443.4 

41.8 
34.7 
38.2 

51.7 
37.4 
44.5 

33.8 
27.8 
30.8 

41.7 
30.2 
36.0 

Oct. 

0.5 
1.5 

CNW 

36.6 
35.9 
36.3 

37.7 
33.3 
35.5 

164.2 
162.5 
163.3 

197.7 
173.2 
185.5 

31.6 
32.2 
32.1 

41.0 
34.5 
37.9 

332.3 
384.7 
358.5 

450.6 
425.2 
437.9 

36.0 
37.1 
36.5 

48.7 
40.8 
44.8 

29.7 
29.7 
29.7 

39.9 
32.9 
36.4 

Nov. 

0.5 
1.5 

CNW 

43.7 
39.4 

41.5 

42.8 
38.2 
40.5 

218.2 
200.2 
185.9 

217.6 
196.7 
207.1 

45.5 
40.1 
43.0 

45.5 
39.4 
42.6 

489.7 
488.0 
488.8 

492.8 
481.0 
486.9 

54.5 
47.5 
51.0 

54.6 
46.7 
50.6 

45.2 
38.5 
41.9 

45.1 
37.9 
41.5 

aLp  =  Long  term  prediction. 

bCNW  =  Combining  both  0.5  and  1.5  m  row  spacings  data. 
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MECHANICAL  HARVESTING  OF  SWEET  SORGHUM 
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ABSTRACT 

trash        This   paper   reports   on  several   research  ZrJT1"3   ^   rem°Val  °f  large  amounts   of  green     leafy 

oHt   re:2neCrUCted  ^   th£  T-aS  AgrLuIt^r^lX      ^  nrS  a°tS:  "^cf^  ^T""*   °f   SwJt   Bo^i™  Jhat 
or   storage  duration  and  billet    lencrt-h   ,,n™   «,  H  station.      Included   in   the   report   are-      Hip   Pff0,fe 

INTRODUCTION 
use  -^^^w^^lSS  ^U^S^^^^S"  drOP   ^  a  MOmaSS    <««"    -°P"      For   either 
short   growing   season  of   sweet   sorgh^en^s   3S5U  S^  SCSI'S?'   °P" "   ^ 

sretHL^s "ss js  ^ssr^x ^rrr16  productlon  of  sweet  -»*-  —  '«*«.  « 

obvious  choice  for  sweet  sorghum  harvesting  as  an  imoortfT^  ™iMal  sugarcane  harvesters  are 

a'nnua!  ^Tt™   °'  ^^  leafy  trash  -^.   tHS^™^  ^  ^T^*  ^  "***   SOrghum  harvesting 
annual  fixed  harvesting  costs.  addition,  dual  usage  of  these  machines  would  spread  the 

Perforce"  12"^^rS%T^"irSLSIf-  ""'  *  *"  **  -  ^  effect  upon  machine 
sorghum  has  a  large  quantity  of  high^oisture  Steriaf  anS  l^™   *'  W  by  P^arvest  burning.   Sweet 
different  aerodynamic  properties  between  the  sugarcane    ,     7tZ*V  ^^   M  a  testing  aid   The 
the  predominant  method  of  trash  reduction  on  Warrant  h     ,    ^  l6afy  material  makes  pneumatic  cleaning 
diameter  and  lighter  than  sugarcane  billet  an  S  leav^   "'   *""  S°rghum  billets  are  ^ller  in    § 

Beds?  rt7tic  separation  of  leafy  ^  ^^^"-se-'ssl  ™  ™?s  sssLr-* the 

2s3J",?^,^^'^^o^"™S^83,,sa?;  and/ret  sorshum' the  capacit^  -d  «««" 

erouL    ^  ^  the  tW°  Cr°ps  caH  be  obtained  by  incrLLi  eith^H,    ""^  S°rghunK   ^^alent  harvesting 
ground  speed  in  sweet  sorghum.  Y  lncreasin8  either  the  cutting  width  of  the  harvester  or  its 

Jc^gScSTSS  arbean:vaIuatePd"nWr;gntSer"  ^""^ft  ~«  '»*»  -  *"*  -  *»  1-ge- 
production,  however,  the  machine  capacity  5 0  4  kg";  '(1   toWbT  -^  '  f°rage  h™ter  for  sorghum  syrup 
of  the  sugar  mill  capacity  in  the  Rio  Grande  Valley   A™L       J*  appr°ximately  one-third  of  one  percent 
large-scale  sugar  pro  uction  systems  is  the  maximum 'at^h!  Tii^  limita^on  of  forage  harvesters  in 
stud  on  sweet  sorghum  to  determine  the  SfecTS  billet      h     \  "T^   Broadhead  (1972)  conducted  a 
study  was  inconclusive  as  the  results  indicated  tha^s"r  it l^™      "f^1  and  SUgar  losses'    ^^ 
bxllet  lengths  compared  to  whole  stalks  but  the  sugar  losses  were  T"  ^^^^   §reat-  ^r  the  shorter 

gar  iosses  were  economically  unimportant. 

to  achTL\e^hTo\fec^  system  for  sweet  sorghum.   Research 

machinery  systems  design,  2)  field  strinni™  emaJ°r  areas   1)  determination  of  crop  properties  relevant  to 
sweet  sorghum.  stripping  of  sweet  sorghum,  and  3)  evaluation  of  sugarcane  harvesters  in 

MATERIALS  AND  METHODS 
Crop  Properties  Research 

billets  on  a  screen  in  a  vertically  orient   i  Veiocltles  of  billets  were  determined  by  placing  sinele 
was  slowly  increased  in  the  duct  unt  1   e  bilSs^sSrte^  t^Jl  ^  "^    *»  dlaBet«>-  ^   ^°^ 
diameters  and  thre e  lengths  (18,  33  and  «  cm)  were  tested.  t0tal  °f  "2  billetS  °f  Various 
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Htudy  ^SdSSdlo^SS  the'ef  fee/of  billet  length  and  storage  duration  upon  sugar  recovery. 

after  chopping  while  the  other  samples  were  milled  approximately  4,  12  and  24  hours  after  chopping. 

The  sweet  sorghum  sugar  loss  study  was  conducted  three  times  throughout  the  1976  ^^^^  * 
£^ir^«S^J"^^^?^  "org^  ^sTet  ££  =  for  the 

third  test  that  was  conducted  one  week  later. 

Field  Stripping  of  Sweet  Sorghum 
'  '   Sweet  sorghum  has  a  large  quantity  of  green  leafy  material  that  elates  preh -s«  J  a^^ 
harvesting  aid.   Since  sweet  sorghum  is  erect  at  maturity   the  *£?^^gjgj^*.   two  prototype 
by  a  stripping  or  mowing  operation  before  cutting  the  stalks.   To  test  this  cleaning  cone  p 
leaf  stripping  units  were  designed  and  tested. 

The  first  machine,  illustrated  in  Figure  1,  was  single-row  leaf  mower  ^at  was  constructed  ^straddle 
the  row.   As  the  unit  moved  along  the  row,  high-speed  mower  blades  located  on  both  sides  of 
an  aerodynamic  suction  and  pulled  the  sorghum  leaves  into  the  vertical  mowing  planes. 

Three  0  61  m  (2  feet)  diameter  mower  blades  powered  by  hydraulic  motors  were  positioned  on  e£chside  of 
the  row   Stalk  restraining  rods  were  positioned  approximately  1  cm  (0.5  inch)  inwardly  from  the  blades  to 

r  venTstflks  from  entering  the  cutting  plane.   Four  chains  with  flights  spaced  everyl  c,  ^  -^  > 
along  the  chain  moved  at  a  zero  velocity  relative  to  the  ground  and  aided  the  cane  flow  into  the  *u™8 
reeion   The  entire  unit  was  side-mounted  onto  the  chassis  of  a  hydrostatic  drive  unit.   Hyd^ul"  cylinders 
controilef both  the  height  of  the  mowing  unit  and  the  distance  between  the  mower  blades  and  the  sorghum  row. 

The  second  experimental  leaf  stripper  is  illustrated  in  Figure  2.   This  unit  was  designed  to  remove  the 
sweet  sorghum  leaves  by  a  downward  stripping  action.   The  stripping  fingers  consis ^Ji^Sle  £?«T^ 
similar  to  the  type  used  on  pick-up  headers  on  hay  balers   The  drive  "ch»";°^1P"J^  Native  to 
designed  to  give  a  downward  finger  velocity  of  2.9  m/s  (9.5  ft/s)  and  a  zero  ^^f  V^°"ty^el ative 
the  Leet  sorghum  stalks  when  the  unit  was  traveling  at  a  forward  speed  of  1 . 34 . m/s  (3 . 0  mph ).      Two  belt 
chains  were  mounted  so  as  to  sandwich  the  sorghum  tops  and  hold  the  stalk  erect  as  it  was  being  stripped. 

Sugarcane  Harvester  Evaluation  in  Sweet  Sorghum 

The  use  of  sweet  sorghum  as  a  supplemental  crop  for  sugarcane  in  the  Lower  Rio  Grande  Valley  has  the 

advantage  of  spreading  annual  fixed  mill  costs.  £  ^™™.f™™*^e   Se  need  or  a  e     e  Z*Z- 
i-hP-ir  annual  fixed  costs  would  also  be  spread.   Their  use  would  also  eliminate  the  neea  ror  a  b^i 
S  system  for  sweet  sorghum  harvesting.'  Thus,  a  study  was  conducted  to  evaluate  the  performance  of  sugar- 
cane  harvesters  in  sweet  sorghum. 

During  the  summer  of  1975,  harvesting  tests  were  conducted  with  a  Ma "jy  Fergu -^01  and  a  Toft  300 
sugarcane  harvester.   Field  losses  and  trash  contents  were  determined  at  different  ^^BvlZllnlaterlal 
harvesting  adjacent  rows  with  the  extractors  off.   The  losses  were  determined  from  the  difference  in  ™a"riai 
SSS  be-tweenCthe  adjacent  rows  after  adjusting  the  weight  for  ^  -tents   These  machine  harvest  d 
one  row  of  sweet  sorghum  at  a  time  at  an  average  ground  speed  of  1.23  m/s  U./i  mpn; .   witn      s 
the  harvesting  rate  was  approximately  4.6  kg/s  (18  tons /hour) . 

Several  sweet  sorghum  harvesting  tests  were  conducted  during  the  summer  of  l9\\f^ ^^^1^1 
harvester.   The  crop  dividers  on  the  harvester  were  adjusted  so  as  to  harvest  two  1.01  m  (4 0  in £>«J*. 
ground  speed  of  1.11  m/s  (2.5  mph)  resulted  in  a  harvesting  rate  of  approximately  «^J»J*  «5 ^££ T^ 
Front  end  losses,  primary  blower  losses,  and  trash  percentages  were  measured  and  recorded  for  various  prima  y 
and  secondary  cleaner  velocities. 

Besides  the  limitations  of  sugarcane  harvesters  in  the  cleaning  of  sweet  sorghum  there  a« .two  other 
inherent  problems.   First,  these  machines  cannot  harvest  sweet  sorghum  at  an  economical  "5*.°?^%°*, 
lower  yield  of  sweet  sorghum  compared  to  sugarcane.   Sugarcane  averages  •W*"^***?^  J»-   <«  *ons/ 
acre)  In  South  Texas  while  sweet  sorghum  yields  of  3.0  kg/m  .   The  crop  should  be  planted  in  1.01  m (40  inc 
rows    Sugarcane  harvesters  are  designed  for  row  spacings  of  at  least  1.52  m  (60  inches).   Operating  them 
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S^SLSSJST  eXCeSSlVC  "eld   l08SeS  "—•   ,ta  ha""""   «*-  *»»  the  s.eet  „,.  ln  the 

*  a-2sr^1±^,S^'a~^g37 Qjss-«  In  -  ff°" »  ™  "-.  »„  11„ita„„ns. 

Figures  3  and  4.  A  double  chain  feed  convevor  »~  ™.7  T  ™ou"ted  °"  the  harvester  as  Illustrated  In 
.aterial  fro.  the  header  Into  the  chopper  feed  rolls  of  S  -         ^  '"  ^  h»™"«  «  «nvey  the 
header  and  the  feed  condor  fro.  ^circuits  t£  ^l^rne  ^S^ST^^S^   »  ^ 

RESULTS  AND  DISCUSSION 
Crop  Properties  Research 


were  ^i^Sr^^SSTa/SS"^^  "T  ""^  "  *"""  *»  - 

the  mean  and  standard  deviation  for  each  siZe  category   Lineal  "^  SUltistical  anal^sis  was  used  to  find 
linear  equation.  category.   Linear  regression  analysis  was  used  to  develop  the 


Figure  5.   Billets 


Vc  =  6.41  +  4.89d  (1) 


ion  and  its 


T^oXtLTt^l^l  Sttedyint^r:1.d   *   *"  "^   ^^    **  ■      "»   — sion  equat 

cr.,VSSd^^"SdSS^-2i5;  ^bmTd-^r ln  re8ar to  p— ic  cl—  -  — 

cleaning.   High  air  velocities  for  effective  cleanL^n?  dlamSter  1S  not  desi"ble  for  optimum  pneumatic 
Clayton  (1973)  and  Leon  (1974)  reported  Sit  thH^   J   T "  excessive  losses  °f  the  smaller  billets. 
30  m/sec  range.   Since  the  critical  velocltie^ of  s^eet  soS ^  i?  °f  SUgarcane  billets  ««  in  the  20  to 
that  pneumatic  cleaning  will  not  be  as  effective  in  sweetso^ghu-      "™  ""*   ^  "  ^^  Pr°bable 

st .^^^j^^^^^  -dy  is  listed  in  Tables  1,  2,  and  3.   No 
hour  storage  duration  were  hand-stripped  s   tW  hi  ^    66t  s(or8huln  samPles  ""led  at  the  4 

addition,  because  of  the  extensive  manpow  r  required  ITol   S^inT*  5^™^-  -terial.   In 
the  sweet  sorghum  it  was  not  possible  to  use  replications.    harVeStlng'  choPPlnS»  transporting,  and  milling 

the  JSTiJS^^fS^tS^S  an  effecT^  l^"   *  ""  ^^      ^    *  ^^    th.t  either 
had  an  effect  upon  pol.   A  relationship  betw,     i   T    *'   Slmilar'  Table  2  shoWS  that  the  biH"  length 
2.   The  average  pol  "decreased  a tnf  storaS  ^LTLSLS"8'  T*   "  .indicated  ^  the  data  listed  in  Table 
tion  can  probably  be  explained  by  ^^^^STrftSEJrS'.SlL^"  "^  "^    ^  «^ 

is  theleLLsTin^urit;  IZtVoTJllZ^Z   av^  ^^  ^  ^^   durati—  *°   imP—  trend 
decreased  to  67.5%  and  63.0%  for  the  12  ano"24^1r  tl^   *"?*  *"  ™   St°rage  time  was  70"5%  while  ±t 
samples  (trash-free  material)  is  2  exception  to  this treS. tlmeS'  reSPective^   °<-  again,  the  4  hour 

Field  Stripping  of  Sweet  Sorghum 

leaf  ^^"25  ™zJ£™£^J^a^*197^      ^  ^  ^^  ^ed   had  an  ^^ 
mower  blades  were  able  t/remov  3 percen  of  t^to ta  L  f^l   ^  'T  **   ^   f±eld   co^itions,  the 
the  total  trash  content  from  35  percent  to  22  percent   Ground"   T    ?UB'  ***   ^^  Ration  Wred 
per  hour.  F        °   Z  Percent.   Ground  speed  in  these  tests  was  fixed  at  1.4  miles 

deviceVh^d^S  of  thnweeTsorXu*  to"  ^  T"  ^^   ^  ^  WaS  firSt  tested  •**«*  a 
the  stripper  fingers  pulled  s talk downed  and'brok fZl   T  *°%  T"  ^l^   W±th  tMS  ""^gement  as 
damage  was  reduced  to  7%.   Operation Tl   this  unit  in %   T"    ,     6  St3lk  h°ld±n8  beltS  Were  ^stalled, 
58%  of  the  leaves.  Unlt  ln  SWeet  sorghum  at  a  speed  of  1.34  m/s  (3mPh)  removed 

_Sugarcane  Harvester  Evaluation  in  Sweet  Sorghum 

Masseyle'rgus:™!2:^  ToTlTl^Ta^Tr^   ^T   ^  ^  — ia^  sugarcane  harvesters,  a 
a      JUO  and  a  Claas  harvester.   Trash  percentage  ranged  from  a  low  of  12.5%  with 
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Tahle  ,  Br*  of  sweet  sorg„um  ^« .-»  *£-*  -S^iT"  "'•""'  f"  dlff"ent  - 


Four 

hour 

-juice 

samples 

were  from  de 

trashed  mate 

nai. 

Length 
(cm) 

0 

4 

Storage 

Times 

(Hrs) 
12 

24 

Average 

12 

22 

32 

Wholestalk 

15.4 
15.0 
14.7 
14.7 

15.7 
15.9 
14.8 
14.8 

14.8 
14.8 
14.5 
15.1 

14.9 
14.8 
14.6 
15.6 

15.2 
15.1 
14.6 
15.0 

Average 

14.9 

15.3 

14.8 

15.0 

15.0 

Tahle  2.  Pol  of  — .  sorghnm  hlllets  that  were  chopped  in  ««-«£f»  «*  »°"d  '"  *""  "" 
<,„M»,   Foot  hour  <uice  sample  ....  fro.  detrashed  material. . 


Length 
(cm) 


Storage  Times  (Hrs) 
4  12 


24 


Average 


12 

10.9 

11.1 

22 

10.4 

11.5 

32 

10.4 

10.9 

Wholestalk 

10.5 

10.7 

9.9 
10.1 

9.8 
10.3 


9.1 
9.5 
9.4 
9.9 


10.3 
10.4 
10.1 

10.4 


Average 


10.6 


11.0 


10.0 


9.5 


10.3 


Table  3.  Purity  of  sweat  sor8h„m  billets  that  were  chopped  lo  different  lengths  and  stored  for  different  time 
duration,.  Fear  hour  juice  samples  were  from  detrashed  material. . 


Length 
(cm) 


Storage  Times  (Hrs) 
4  12 


24 


1Average  of  four  harvesting  tests,  1975. 
2Average  of  seven  harvesting  tests,  1975. 
3Average  of  six  harvesting  tests,  1977. 


Average 


12             70.7 

22             69.5 

32             70.8 

Wholestalk          71.1 

70.3 
72.3 
73.2 
71.9 

66.8 
67T9 
67.3 
68.1 

60 
63 
64 
63 

3 
8 
2 
6 

67.0 
68.4 
68.9 
68.7 

Average            70.5 

71.0 

67.5 

63 

.0 

68.2 

rv 

for 

suga 

rcane  harvesters. 

Table  4.   Sweet  sorghum  harvesting 
Harvester 

Average 

Capacity 

(kg/sec) 

4.6 
3.8 
6.2 

Percent 
Trash 

Percent 
Billet 
Loss 

Massey  Ferguson  201 

Toft  3^00 

Claas 

12.5 
22.9 
20.3 

38.5 
10.3 

16.7 

Figure  1.  Sweet  sorghum  leaf  mower  unit. 


Figure  2.  Sweet  sorghum  leaf  stri 


pper  unit 


SF53£3Sfc$* 


Figure  3.     Side  view  of  Toft  300  sugarcane 

harvester  with  three-row  corn  header. 
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Figure  4.     Three-row  corn  header  on  Toft  300 
sugarcane  harvester. 
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Figure  5.     Mean  and  standard  deviation  for  critical 
velocities  of  sweet  sorghum  billets. 
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Figure  6.  Linear  regression  model  of  critical  velocities 
of  sweet  sorghum  billets. 
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the  Massey  Ferguson  machine  to  a  high  of  22  9%   with  rtP  Tnft  wn   „ -i -, 

the  Massey  Ferguson  had  the  highestloss  of  38.S  "h  l!  the  Toft" 300 ^T^T  TV.T^5  h°TOr' 
harvester  was  intermediate  in  performance  for  both  trash  and  billet  lo«  T V*  10'3%'  The  ClaaS 
higher  capacity  than  the  other  two  machines.  VSn  th°Ugh  lfc  °Perated  at  a 

s.ve  for  an  three  harvesters.   In  addit^.1  ^S^^J^^^  LTillets  ~~ 

Both  tS'prL^  M^^vSSc^Sd8  tSrsr'  Hr°m  °Perating  the  ClaaS  har—  in  ~t  sorghum, 
determine  thei/relative  eff"'^^ "rash  reduc^  ^T'T  ^J*1"1*  ^  Wi*d  ™  °^   t0 
upon  cleaning  than  the  secondary  extractor  fin    n  v'at    Penary  blower  appears  to  have  more  effect 
second  did  the  addition  of  the  L  on   v  L  L   l?  P™ry  bl°W6r  velocity  of  27.9  meters  per 

increase  in  the  primary  blower^  air  veloL "' ?»32  Tto^TmeteT  ""^  TJ!  ?"*  reduCti°-   *n 
upon  trash  reduction  for  both  secondary  velocities  ""  ^"^  had  &   si§nifi"nt  effect 

!^ll  S^CL^olTI  IV/ST^^  ^   Cla-  arcane  harvester.   Two  rows  harvested  at 


Primary  Cleaner  „     "       \  " 

Velocity  Secondary  Extractor  Velocity 

(m/sec.)  0  (m/aec.) 


' u  16  3 

?7  q  ~~ r ■ Average 

32:0  »-«2  J?  S^ 


. — X3^ 14.9 

Average  21  s  — 

iy.1  20.3 


Numbers  followed  by  the  same  letter  are  not  significantly  different  at  the  1%  level 

add^rr:  ssiss^^ss'-.^sssi  rs^  Ti*  30°  r  had  been  modified  ^  ^ 

with   this  unit.      Steering  control   Problems  ™" SL  V  h"ta"S    (6   acres>    of   sweet   sorghum  was  harvested 
edge   of    the  beds  prevented   operation   of    the  tTrt     7        T  ^   t0  °Perate   the   steerin8  wheels   on   the 

the  machine  was   7  4  kg/sec.    (S   5   tons/hour)        ut  FT'"   SP6edS-      AV6rage  harvestinS  capacity   of 

39.1%.      The  modification  was  very   successful 'in^n™ If  teiSWeet   SOrghuin  had  an  a—age   trash   level   of 

SUMMARY   AND   CONCLUSIONS 

relevaSnWrtoSh0arrveU:tinagV;ysS  SSS^^Stf*^^   tOWardS   "    ^i^8  Cr0P  Pr°P6rtieS   data   *«    *■ 
3)    evaluation   of    sugafcanTh^veltlr 'perf ££."2   s^rg^   "    ^^  *   ~t   ^^    "* 

bm.tnsr£i3s  jiss  r^^ef  sosy  dbefned  the  criticai  veiocity  ran§e  °f  ~«  «*» 

sugarcane  Mllets.      Thus,   pneuLSc^Col   SSTJ^T^.  SM^S^   J^TS  '« 

duratL8aof^hop"L  MlL%%1dcir:;;edd:hat  ^   ^  P01   "*  ""^   °f    ™t   •«*»»  d— d  a*   *.   storage 

trash^aucSHf^  ^^  *  '*>"   *"   5°%"      Alth°^   the 

nature   of    the   trash        Thf«  «  Pneumatic   cleaning  might  be  just   as   effective  because   of   the   leafv 

production   system  ^"^  Pr°t0tyPe  UnitS  need   t0  have   greater  capacity   for  a  large-scale        " 

i»uJSrc±siS.sBs:  ^S£'t:s  iestf in  swe- rr8hum-  Aithough  f±eid  ios-  *™*  *■ 

was  incorporated  onto  a  sugScane  WvSJ  T        ""  StU1  n°C  accePtab^-  A  three-row  corn  header 
the  concept  appears  very  feasible  but  X    ■  ^  *,  Pt   "°   increase  i^  ^terial  capacity.   Mechanically, 

P   ppears  very  feasible  but  the  increased  capacity  increases  the  sweet  sorghum  cleaning  problem 

becomfrfeas^bl8^  ^iTrlTsTselT^   **  *  T™?^  ^^   ****-***   production  of  the  crop 
the  crop  is  used  for  sugar,  cleaning  is  the  major  problem  that  must  be  solved. 
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ECONOMIC  ASPECTS  OF  SUPPLYING  SUGARCANE  AND  SWEET  SORGHUM  AS 

RENEWABLE  RESOURCES  FOR  FUELS  PRODUCTION 

T.  A.  McClure 

Battelle-Columbus  Division 

Columbus,  Ohio 

ABSTRACT 

Estimated  costs  of  product  and  harvesting  close-spaced tJ^-  ^  ^^S^.S^SSr-' 
and  major  changes  in  input  requirements  and  "f"  *«"  ^SS^^coS  of  fermentable  sugars  and  fiber 
Close  spacing  appears  to  have  potential  for  reducing     ^      mc     o         feedstocks  is  affected 
useful  for  fuel  or  chemical  production   The  cost  -J*"^*1*  "«S  -nto  higer-value  products,  such 
by  the  extent  to  which  the  fibrous  portion  of  the  P^a»Jo^stoR  SScSSques .   Prospects  for  additional 
as  fiberboard  and  paperboard,  through  the  use  of  new  Processing  te ™"^  °n  b±li£  and  crop  iand  develop- 

ssrssu-i.'ssSi.  •sss-jsss.-t.rs  zsrjrzz?**,™  -  — «— 

from  alternative  crops,  such  as  corn,  soybeans  and  cotton. 

INTRODUCTION 

There  have  been  many  excellent  papers  presented  tod* .on  ^^J^^^^ES^ 
producing  sugar  crops  for  biomass.  My  presentation  indicates  some  of  th «  *«*£     production.   This 

on  fuels  from  sugar  crops.*   Included  is  a  brief  discussion  of 
New  cropland  development  for  sugarcane 
Cropland  development  costs 

Costs  of  close  spacing  sugarcane  and  sweet  sorghum 

Comparisons  of  grower  income  from  biomass  crops  with  conventional  crop  production 
Energy  input  requirements  for  producing,  harvesting,  and  transporting  close-spaced  sugarcane  and 
sweet  sorghum 
Theoretical  "contained  energy"  in  sugarcane  and  sweet  sorghum. 

NEW  CROPLAND  DEVELOPMENT 

One  factor  to  be  considered  in  evaluating  any  renewable  resource  as  *t£^JZ^£%£g 
is  the  crop's  geographic  range.   In  this  «^''^a'0^tG^^   requires^  shorter  growing  season  and 
can  be  produced  in  most  areas  in  which  corn  can  be  grown   J^^fJT^J^  States.   However,  as  Fig.  1 
is  adaptable  climatically  to  most  areas  in  the  southeast  and  mdw «tern  United  Sta  continental 

indicates,  potential  regions  of  sugarcane  production  are  limited  to  relatively  small 


United  States, 


The  identification  of  potential  sugarcane  production  area, ,  is  basec 1« ^^^™%£Z 

availability,  and  proximity  to  existing  sugarcane  production  regions •  Jhe  designa       frost_free  period 
Florida  generally  will  have  more  than  300  days  of  ^^^^Tat^ a^^ttally   capable  of  growing 
in  the  designated  Louisiana  area  is  approximately  240  or  ™re  da ys   ine  ar   P  However,  a  con- 

sugarcane  in  Texas  might  be  enlarged  considerably  if  irrigation  **«  c^a£?r °£e  Gulf  Coast  border  of 
servative  assessment  includes  only  the  region  in  the  Rio  Grande  Valley  and  along the  ^ 

Even  though  land  may  be  available  for  sugarcane  production,  if  water  cannot    P 


Texas.   ~. 

costly,  sugarcane  production  will  not  be  feasible. 


The  estimated  total  area  in  the  entire  region  of  potential  sugary J  production  is  approximately  20 
million  hectares  (1  hectare  =  approximately  2.5  acres)  (Table  1) .  *»&&   °ne  2  million  hectares  is  crop- 
classified  as  land  in  farms.   Out  of  this  10  million  hectares  appr ^f^g.^*^™  is  woodland,  and 
land  that  is  either  harvested  or  used  for  pasture,  slightly  less  than  1  million  nectar 

„      u   n   it  7/.n<;  PNr  Q?   The  detailed  results  of  this  study  are  to  be 

*Research  performed  under  Contract  No.  W-7A05-ENG  92   The  det^leQ  Service,  5285  Port  Royal 

published  in  late  1978  or  early  1979  by  the  National  Technical  Information  Service, 
Road,  Springfield,  Virginia  22151. 
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RIO  GRANDE  PLAIN 
j£M  GULF  COAST  PRAIRIES 
3  SOUTHERN  COASTAL  PLAIN 

SOUTHERN  MISSISSIPPI  VALLEY  SILTY  UPLANDS 
SOUTHERN  MISSISSIPPI  VALLEY  ALLUVIUM 


GULF  COAST  MARSH 

SOUTH  CENTRAL  FLORIDA  RIDGE 

SOUTHERN  FLORIDA  FLATWOODS 

v. 
FLORIDA  EVERGLADES  &  ASSOCIATED  AREAS 


Figure    1.      Major  Land  Resource  Areas   ^^  potentiai   ^^   ^   ^^   ^^ 

^s^s^^s^^sLioi^hS; in  fams"- within  the  cate§ory  "cr°piand 

woodland  equals  approxiSSTs llUlol   hectare^ r^iLh"'™8   ^  Cr°Pland  USed  f°r  P3Sture  plus 
sugarcane  currently  being  produced  I these  thre  states   If^for  2  ^r™^^  25°'°00  hect-es  of 
sugarcane  production  were  to  be  doubled  1t  IZ^   It  !     examPle,  the  current  area  devoted  to 

land  area  of  4.2  million  hectares!  approximately  6%  of  the  total  cropland  and  wood- 

Table  1.   Land  use  in  potential  sugarcane  production  regions,  1974 

(1,000  hectares) 


Southeast  Texas 
Louisiana 
Florida 
TOTAL 


Cropland 
harvested 
or  pasture 


Woodland 


Other 
land 
in  farms 


1,325 
1,160 
755 
3,240" 


145 
330 
500 
975 


3,050 

760 

2,045 

5,855 


areas  in^Lrld^^nd^uLSnrthat^rfal:6^^  ^^  **""  Pr°dUCti°n  °f  ^™™   is  ^   *«*« 

bogs,  and  other  places  wtere  the  land  surf a^      «  ^tural  wetlands.   Wetlands  include  swamps,  marshes, 

generally  are  productive  fish  and  SdH  >TJl   71  ^^   t0  S°me  d6gree  by  Water"  ^^   lands 
lands  are  being  destroyed  without  relJr/t  hahXtatS^    and /here  is  concern  in  some  circles  that  the  wet- 
g   stroyed  without  regard  to  environmental  and  natural  resource  considerations.   Needless 
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The  ultimate 


*   c,v   there  is  controversy  over  the  extent  of  protection  necessary  for  these  lands.   The  ultii 
fnl    the  de«ee  of  protection  extended  to  wetland  regions  could  be  an  important  factor 
Secting the  development  ofTarge  areas  for  sugarcane  production  in  Florida  and  Louisiana,  xf  such 
production  were  economically  feasible. 


CROPLAND  DEVELOPMENT   COSTS 


rainfall  is  not  sufficient  to  sustain  optimum  sugarcane  growth. 

required,  and  to  a  lesser  extent,  labor  costs. 

soil  drainage  specialists  in  each  area,  cropianu  ue    H      p1nriH_   UD  to  over  $1,400  per  hectare  in 

L^%-tt'J-:  ^Jfr  (Tars:  %rz^vs&2  z~J^ p™  ^ 

lana  development  costs  by  several  hundred  dollars  per  hectare  over  these  estimates. 

Table  2.   Summary  of  approximate  total  costs  of  cropland  development  for  sugarcane  in  Florida,  Texas, 

and  Louisiana,  1978 . . ■ — ■ — 

Dollars  per  hectare 
Region 


480  -  670 
Florida 

1,000  -   1,300 
Louisiana 

1,000  -   l,165(a) 
Texas  (furrow  irrigated) 


$600  per  hectare,  assuming  6-inch  plastic  tubing  was  utilized. 

Table  3  shows  the  above  investment  costs  for  land  development  on  an  annualized  basis,  assuming  a 
Table  J  shows  tne  interest  rate  of  9%.   The  annualized  development  costs  are  estimated  to 

payoff  period  of  30  years  at  an  interest  rate  ^  approximately  $125  per  hectare  in 

LruKir^^TrxLlirCrand/vriley.   NaLrally   the  cost  on  an  annual  basis ^oulc 1  var, ;  accor  ing 
to  the  designated  payoff  period  and  interest  rate.   For  example,  if _ the  payoff  period  were 
30  years  to  15  years,  the  annualized  costs  would  increase  by  approximately  2b/.. 

(a) 
Table  3.   Annualized  land  development  costs . . Percent  of  total 

sugarcane 
$/hectare  production  costs 


Florida  sandy  soils  * 5"65 

.  .  95-125  ^-7 

Louisiana  yj 

S— f\ 

Texas  Rio  Grande  Valley  95-115  


Source:   Calculated  by  author. 

(a)  Amortized  over  30  years  at  9  percent  interest  rate. 


,3?.  r»vr^  ztxzzL-x  esse  ^.ts5\e£S=  s^sss* 


delivering   it   to  a  mill. 
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SUGARCANE   PRODUCTION   COSTS 


between  sugarcane   rows.      NormaUy  'row^are  spacS  T\T  T™,  °f  T*™***   ^  am°Unt   °f  SPace 
approximately    1-3   feet   apart       Since  There   ^nni  ,  Nervals .      Close-spaced  rows  may  be 

costs   must   necessarily  b^TegarL^tllpa^  s   £2^ tlllTZTJ^lTT^ '    *?" 
production  are  based   upon  a  detailed   survey   completed  bv  Dr     n     T      It        ft      }  conventional 

for   the    1975/76   season.      These   costs  were   updated  to    1978/79   ?'      i"      I       ,   °f   ^  Unlversity   °*   Florida 
inputs.      These   costs  were   then  adiusted   to  lllilL   \l      ■  leV*ls   baSed   0n  price   chan8es   f°r  various 

1=  complicated   further  by  the  fact   that  ™,Z  tainty  to  these  estimates.     The  Florida  situation 

^.Tn^.:!™ 

Productivity  levels',   .is  .~2  ^It^tV^SZl   £2  MS^c^S^. 

Table  4.  Estimated  1978/79  conventional  and  close-spaced  sugarcane  costs,  Florida  ,„ck  soils 

. . ($/hectare) 


662 


Preharvest  cash  expenses 

Harvesting  cash  expenses 

Ownership  +  overhead  costs  371 

Cane  transportation 

Land  charge 

Total  costs 
Yield,  metric  tons/hectare 


Conventional        ~       close  ~ 

SPacins Spacing %  Change 

632 


671  +6 

561  _n 


139 
330 

2'134  2,207 


449  +21 

196  +4i 


330 


78 


+3 

110  +41 


Costs  per  metric  ton  -„  ,, 

$27.36  $20.06  -27 

"U"e:      SrSSSlujSS  s^Sgg  -"i5i^^    Unrversity   of   Fiorina,    and     ~ 

Tabl.  5.   Estimated  1978/79  eo„»e„tio„al  and  close-spaced  sugarcane  costs,  Louisiana 

■ . ($/hectare) 

Conventional  Close  " 

" spacing Spacing %  Change 

Preharvest  cash  expenses  236 

Harvesting  +  transportation  157 

General  overhead  ct? 

Land  charge 

Total  costs  ,  ,  _c 

1»135  1,696 

Yield,  metric  tons/hectare  54 


396  +68 

305  +94 

785  +48 
210 


+49 
112  +107 


$15.14  -28 


Costs  per  metric  ton  g2l  02 

a°Ur";      anT-ncer-arS  ^^^S^^  ''    ^    ^^^°  -^l 

^rifloZT^LTtTTu^iTZTTiy^TL^Tt  mucd SOIls  la  estlm"<' ■<  sllehtl"  °™*  *2°  -» 

appro,i»tely  eq„al   to  JSTS  ^^^^^^^^^^^^^^ 
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close-spaced  cane  in  Florida  exhibited  only  about  10%  increase  over  experimental  yields  obtained  with 
standard  spacing. 

The  starting  point  for  sugarcane  production  costs  in  ^^^^oX^«  So*,  were 
developed  annually  by  Dr.  Joe  Campbell  of  Louxsiana  State  University   As   *         ;  ^  costs_ 
adjusted  for  close  spacing  in  accordance  with  anticipat ^changes  i    p     q  However,  the 

Total  costs  per  hectare  for  close  spacing  jncreajed  ^/^^fLmpared  to  current  average  commercial 

COST  OF  FERMENTABLE  SUGARS  FROM  SUGARCANE 
a.  ra„  material  for  producing  etbanol  fro.  ■^^J^nSSlTS'-^S^T^'" 

Table  6.  Estimated  casta  of  far»eatable  aogara  from  close-paced  sugarc.ae" 

(c/ib; _ — 


1980 
2000 


•  j     i,  r.„-:i=                     Louisiana 
Florida  muck  soils 

4.0  -  5.5 


5.4  -  6.9 
4.3  -  5.2 


3.1  -  4.3 


S^eT^atW^^  flber 

and  fuel. 

V,  cost  of  fermentable  sagara  In  mlllable  cane  delivered  to  a  mill,  before  joice  extraction. 

^proximately  Jl.loV  gallon,  which  is  the  approximate  current  market  price. 

It  is  important  to  note  that  the  net  costs  reflected  here  include  a  -edit  for  the  value  of  fibrous 
by-products  and  the  fuel  value  of  combustible  organic  ^^erial  contained  xn  sugarcane. 

represent  credits  against  total  production  costs.   Assuming  that  the Ji Iby  proc ess  marketable 

utilized,  approximately  50%  of  the  combustible  organic  material  in  he  f^  J  ^.^  ^ 

at  an  average  assumed  value  of  $40  per  metric  ton.   The  ^mainder  or  en    ^^n  these  credits  reduce 
assumed  to  have  a  fuel  value  of  $20  per  metric  ton  on  adry  weight  basis, 
the  cost  of  fermentable  sugars  from  sugarcane  by  approximately  10/.. 

SWEET  SORGHUM  PRODUCTION  COSTS 

Sweet  sorghum  costs  (Table  7)  were  estimated  based  upo, ;-T^^«S^,,iS^^-SS^ 
producers  in  the  Midwest  and  with  agronomists  and  ^"^^S^SJ  important  sources  of  information 
under  experimental  conditions  in  Louisiana  Mrs srssippi  and  Texas .      Other  dual  state  experiment 

were  crop  product  budgets  developed  by  the  U.  S  Department  of  ff^ulture  and  X   these  costs  cannot  be 
stations  for  analogous  crops  such  as  grain  sorghum  corn  and  sUga  rcane.   Ho     ^   ^  ^  ^ 
well  defined  at  this  time,  since  there  is  so  little  statistical       sorghum  shouid  be  less  than  for 
Generally  speaking,  however,  planting  ^c^tlvat^"8S4e8tS  costal  depend  somewhat  on  the 
sugarcane,  if  comparisons  with  grain  sorgh urn  are  valid   Harvest  harvesting  machinery  could  be 

5££  SSLfc-SSTSa  JL^r^^rLr^erTa^^difled,  heavy  duty  forage  harvester 
might  be  utilized  if  total  plant  biomass  were  to  be  collected. 


^i-paper  by  T.  Anderson,  "Tilby  Juice  Extraction  System"  elsewhere  in  these  proceedings. 
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Table  7.   Theoretical  costs  of  close-spaced  sweet  sorghum. 
— ($/hectare) 


Preharvest  variable  costs 
Harvest  variable  costs 
Machinery  ownership  &  misc. 
Land 

Total 
Yield,  metric  tons/hectare 
Costs  per  metric  ton 


Southern 
U.S. 

270 

390 

185 

215 

1,060 

68 

$15.60 


'^^^^TT^^^^T7^^^^^^^^ 


Midwest 
U.S. 

170 

335 

200 

270 

975 

56 

$17.40 


personnel 


Under  favorable  growing  conditions  in  which  high  yields  are  obta-in^ 

COST  OF  FERMENTABLE  SUGARS  FROM  SWEET  SORGHUM 

Mght^ngffr^^  sugars  from  sweet  sorghum 

lb.  in  the  Midwest  (Table  8)    Hooefu  !  f V  southern  United  States  and  from  6.1c-7.4c  per 

can  be  appreciably  lowered   ThS cost  es  S,Th  f"  ^T^  ^^   °r  not  Midwestern  costs 

currently  obtained  by  a  few  corneal  producers!  TO  relatlvely  ^st  — t  sorghum  yields 

Table  8.   Theoretical  costs  of  fermentable  sugars  from  close-spaced  sweet  sorghum3 
(C/lb.) 


Southern 
U.S. 


Midwest 
U.S. 


1980 
2000 


Source:   Author's  estimates 
a 


4.9  -  6.0 
3.1  -  3.9 


6.1  -  7.4 

4.2  -  5.0 


Net  cost  of  fermentable  sugars  in  sweet  sorghum  delivered  to  a  mill,  before  juice  extraction. 

COMPARISONS  OF  SUGARCANE  AND  SWEET  SORGHUM 

and  yie^raslo^^^erwi^h0^^1^'1^^^:::^  ^  ^^al   yields  are  not  unreasonable,  the  costs 
net  cost  of  fermentable   1    frill        SUgarcane  and  sweet  sorghum  can  be  noted  in  Table  9.   Here,  the 
production  of  9,oSS-1J  OO^l te  rs™  ITll™   ^rT^^n  ^^  P«  ^  With  a  Potential 'ethanol 
sweet  sorghum,  ethanol 'produc  Ion  costs  prSumiblv  loX   I?,  9°°-1'P00  fllons  ^   «™ ) .   In  the  case  of 
unit  area.   This  is  due  to  the  lower   v        1   !  '  bUt  leSS  ethano1  WOuld  be  Produced  per 

sugarcane  and  the  assumed  lower  yields  I  mlfbTsalS  "InlZT^   *"  ™t  ^^   C°"pa™d  '° 
dry  matter  content  of  sweet  sorehum  n?  ^A  stalks.   An  important  factor  to  note  is  that  the  higher 

credits,  which  reduces  ^he  nSt  ctt  off  ermi^^a^8^^  ^"^  """^  *»  *""«  *™ro<Lt 

^al™^  ^f   co-f  are  indicated  in  Table  10.   Under 

by  approximately  1c  per  lb.,  which  would  In  turn  W    '  ,t  C°T   °f  fermentable  sugars  would  increase 

gallon.   Ethanol  production  per  hectare  w  "i Tu  7     A      &   C°St  °f  ethano1  by  ^proximately  13c-14C  per 

Table  9.  P   heCt3re  W°uld  be  reduced  by  approximately  20-25%  from  levels  shown  in 
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nv-Ki.  0   Comparison  of  sugarcane  and  sweet  sorghum,  best  case|j|^ane        Sweet  sorghum 

Louisiana South 


Florida 

2,205  1,695  1,060 

HO  MT  H2  MT  68  MT 

$20.05         $15.13  $15-60 

17.6  MT 


125  101 

108  85 


16.8  MT  8.8  MT 

120 
76 


Total  costs,  $/Ha 

Millable  stalk  yield 

Total  costs/metric  ton 

Fermentable  sugars  yield 

Total  cost  fermentable  sugars,  $/MT 

Net  cost  fermentable  sugars,  $/MT 

Net  cost  fermentable  sugars 

Potential  ethanol  production,  liters/hectare 

Source:   Author's  estimates 

Table  10.   Comparison  of  sugarcane  and  sweet  sorghum,  most  Uk|l^£||e^l978 Sweet  sorghum 

Florida        Louisiana South 


4.9c/lb         3.9c/lb  3.5c/lb 

9,790  9,347  4,896 


2,090  1,575  975 


93  MT 


92  MT  52  MT 


Total  costs,  %/Ha 

Millable  stalk  yield 

Total  costs/metric  ton 

Fermentable  sugars  yield 

Total  cost  fermentable  sugars,  $/Ha 

Net  cost  fermentable  sugars,  $/metric  ton  135  ^  4>5 


$22.45         $17.10  $18-75 

12.9  MT  6.8  MT 


14  MT 


149  122 


143 


100 


C/lb 

Potential  ethanol  production,  liters/Ha 
Source:   Author's  estimates. 


7,790  7,178  3,784 


GROWER  INCOME  COMPARISONS  WITH  OTHER  CROPS 

If  renewable  resources  are  to  be  successfully  utilized  as  energy  ^^^^^^^ 
to  growers  must  be  comparable  with  alternative  land  uses   I™g£  ^eing  considered.   In  Louisiana, 
concerned,  alternative  land  uses  depend  upon  the  geographic  "^£  ^  C°^entional  sugarcane  for 
alternative  cropland  uses  might  be  for  cotton  or  soybeans,  "addition    ^        ^  sugar_ 
sugar  production.   In  the  Texas  Rio  Gran  e  Va  ley  c  otto n  vege  tables,  --•_  ^  grain  and  soybeans 

SrtK^^^SSrSS«r°eS;ting  cropland.   Other  land  uses  might  include  pasture, 
recreation,  and  urban  development  in  certain  areas. 

Table  11  indicates  potential  returns  to  growers  for  various  crops  grown  in  US  -inland^ugarcane 
regions  and  the  Midwestern  United  States.   The  da  "J^g*^*^  ^Va   particular  region. 

S  Slo:erdybieeld^edAS  ^f^SSS^S  ZS^Stt   30-100,  within  a  year's  time. 


The  hypothetical  estimates  for  sweet  sorghumand  close-spa  edsfor   than  1  production 
assumed  that  the  new  Tilby  processing  technique  will  >>"« «   2™;,   two  data  sets  are 
credits  for  the  fiber  and  fuel  value  of  these  crops  would  be  obtainable    The        nonsugar  material, 
presented  to  indicate  the  importance  to  biomass  producers  of  being  compensated 
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spacing   in  Louisiana   than  were   obtained   in  Florida        It   remai^  f  ^  yield/ncrea^s   obtained  with   close 
ferentials   can  be  maintained  year  after  year  u^^olellTAl^li:        ^  ^^   ^^  y±eld  d±f~ 


ENERGY   BALANCE 


balance  a^cJSfw tV^r"^  olu     i  ^    ^"2"^*   °f   *"*"   *™*™   "bating   the  energy 

sugarcane   and   sweet   sorghum  are   sulL'Ld   ^TabS   12      XsT^^6^1"1"611'3   t0   Pr°dUC6   cl— Paced^ 
manufacture   and  distribute   fertilizers.      The  important   0?fTr,n  ^   ^^   **   energy  re^uired   to 

xs   exemplified  by   the   large   difference   in  energy   inputs   rLSred  tTH  T  CalCUlat±^   ™  ene^  Glance 

gy      nputs   required   to  produce   sugarcane   on  Florida   sandy 


Table    11.      Grower   income   comparisons 


Crop  Net   income,    $/hectarea 


Including  by-  F^IudiulfbF- 

£^du£^credits __Eroductcr  edits 


Sweet  sorghum  (ethanol) 

Southern  U.  S. 

Midwest  U.  S.  22°  (72) 

158  (70) 

Close-spaced  sugarcane  (ethanol) 

Florida 

Louisiana  ^W  (465) 

Sugarcane  (sugar) 


224 


2 


Florida 

Louisiana  ^ 


Soybeans 


(6) 


Cottonb 


Louisiana 

Midwest  U.  S.  156 

313 


Louisiana 
Texas 


r         b 
Corn 


Midwest  U.  S, 


248 
305 


257 


f^""1^^^ ~ 

Excluding  land  charges. 

bBased  on  average  production  costs,  prices,  and  crop  yields  from  1975-77. 

soils,  as  compared  to  Florida  muck  soil's   Th-io  A-iee 

of  nitrogen  on  sandy  soils.   Nitrogen  manufacture  1?"  Pyim3rily  ls  due  to  the  need  for  application 
of  nitrogen)  and  the  need  for  highlit™  appIL tion 7T Jy.ener^. intensive  (31,100  btu's  per  lb. 
energy  balances  associated  with  biomass  producL^n!      "    Irrigation  water  will  significantly  lower 

Table  12.   Energy  input  requirements  to  produce  close-spaced  sugarcane  and  sweet  sorghum 
(Megajoules/metric  ton  dry  weight) 


Close-spaced  Sweet 

sugarcane  sorghum 


Florida,  muck  soils 

1,150 

Florida,  sandy  soils 

1,720 

Louisiana 

1,365 

Southern  U.S. 

845 
Midwestern  U.  S. 
Source:   Author's  estimates.  " " ~"~  . . 1.050 
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t«  co.parison  purposes,    1,000  .egajoules  is  apprci.ately  ecual  to  the  energy  contained  in  8.2 
gallons  of   regular   grade  gasoline. 

The   theoretical  e„er8y  output  fro.  1  -«J~  -  ?„»£*  ^"SiS  STche'colstible 
The  energy  equivalent  of   the  athanol  £  »"£fS£1  000  megafoule. .    'Together,   the  energy  value  is 
material  in  the  .illable  cane  is  slightly  less  than  AUUU       g  1  gasoli„e.     The  energy 

SSl^^SS-^^'^SrSSLr ^5SSil,l.»8  joules,   or   10  gallons  of  g.solroe. 


1000  kg 
Mlllable  Cane 


300  kg 
Field  Residue 


V 


275  kg 
Dry  Matter 


77  kg 
Dry  Matter 


JEZ 


3L 


150  kg 

Fermentable 

Sugars 


115  kg 
Combustible 
Material 


84  liters 

EtOH 


1689  MJ 


1196  MJ 


Figure  2.   Theoretical  energy  output  from 
1.0  metric  ton  millable  sugarcs 


Figure  3. 


Theoretical  energy  output  from 
1.0  metric  ton  millable  sweet 
sorghum. 


The  theoretical  energy  output  fro.  1  "---/ingl^hat  aW  ZTZ^J^U^   { 

hieher  than  from  sugarcane.   However,  this  is  misleading  fermentable  sugars  content 

i££=£T is-^KI^rSne-p^Sf  e^o^on  -  «tric  ton  also  Wd  he  looer 
by  about  10-12%. 
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THE  TILBY  CANE  SEPARATION  SYSTEM 

T.  A.  Anderson 

Ander-Cane,  Inc. 

Naples,  Florida 


ABSTRACT 


Recent  experience 


Juice-containing  pith,  Is'des'c^bed^  S6Parat°r'  which  "P«ates 


cane  stalks  into  the  outer  rind  and 


INTRODUCTION 


In 1963  Ted  Tilby,  a  Canadian  architect- 


£sm?  ~£  s^S^-^sr^  -2--=  ff 


Accordingly,  a  Canadian 


^V°?^Xtt±e/   °f  SeParating  cane  proved  to  be 


a.  Clean  and  contaminant-free  nit-f,  fr„„  „u  , 

b.  Clean,  uncrushed  fiber  with  Its  stren^h    "^  T  ^   ea8ily  diff-ed. 
c  Wax-rich  epidermis  strength  unimpaired 


Furthermore,  these  products  were  to  be  obtained  with  relatively  low: 

a.  Fixed  capital  investment 

b.  Operating  and  energy  costs 

The  following  chart  illustrates  how  th 


cane  stalks. 


e  separator  equipment  processes  the  billets  cut  f 

Tilby  Separator  Process 


rom  sugar 


5ugar  Cane 


POSITIOMING 

Rolls 


Depithing 
Wheel 


Stalk  Holder 


Rind  r? 

Segments      <$b 
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PRODUCTION   EXPERIENCE   TO   DATE 


n.   separator   equipment   ».*.«-*. ^^S^Sl  Z2Z  ^^ST^gS 

being   separated    in   order   that    the   equipment   operate =»  » optit»l  basis  ^  ^   ^ 

r^nefieto   £   s„8ar   £LT t^S^ST^  JZ   ^uS'to^ee   -ease    tbe   dirt   out 

of    the   juice. 

over  $400  per  ton.   Inus  cane  iiDei,  **  v  fiber  as  juice  may  have  an 

finished  product.   This  means  that  those  varieties  of  cane  that  have  as  much  liber  a J       Furthermore : 
especially  high  overall  value  assuming  the  separator  system  is  used  in  proces sing  th        ^  ^^ 
capital  and  processing  costs  for  making  cane-board  appear  to  be  less  on  a  P 
sugar  out  of  the  juice  obtained  from  cane  stalks. 

FUTURE  PLANS 

iuas.ec.  as   tne  products  «-B  ?J^^%££^,Z££S?£££r 
t^oltHT^l  SS  S^SSS  SS-eTl.  ^^"^eased.8  Otner  sbort-ter.  pi.ns  iaciude: 

j:  r^^unquip^rsr?  rr^rrt.s.'s.'eSSs.isi^ ,» ~. 

sorghum.  .  .  ,  „.rt 

3-  E^^pSJ^L^JS^^^^^X^^*  epidermis  oi  cane. 

2SSTS  eLr^riueti^-fuS^^quired  »  sugar  111.  to  ta.e  tull  advanta.e  oi  tne 


4. 
5. 

6. 

Tilby  Separator  System. 

7.  Use  of  cane-fiber  in  making  paper. 

8.  Use  of  pith,  from  which  sugar  has  been  pressed,  as  cattle  teed. 


Tbe   potential   roie   of    tne   Tilt,   "^f ^"Slle   £■££" VTSt'S'SLS  S^fffST 

luated  by  the  U.S.  Department  of  Energy  and  the  Battelie  institute, 
sugar  crops  obviously  could  be  reduced  if: 

(a)  The  cost  of  obtaining  the  juice  from  the  stalks  could  be  lessened  as  expected  by  the  use  of 

(b)  EJreSLSf S^^uct.  could  be  obtained  from  the  stalks  to  help  absorb  much  of  the  cost 
of  the  stalks  themselves. 

Any  such  reduction  in  the  cost  of  energy  from  sugar  crops  would  of  course  increase  the  potential  economic 
viability  of  these  crops  as  major  future  sources  of  energy. 

One  8oai  under  serious  --^"^.^^^^"Vls  .32  SS  HS^^^L 

Economic  analyses  of  this  sized  production  requires,  among  other  things   c°n^d*™^°     tQ     e  /0 

taining  energy  from  sugar  crops. 

To  help  evaluate  the  possible  strength  of  demand  for  large  volumes  of  fiber  entering  the  wood  pro- 
ducts market,  data  was  gathered  on  the  size  and  growth  rate  of  this market   Tables  I  and   I  show  a 

Ko^^^  «?> abLrb  65  mil" 

lion  tons  of  fiber  annually  without  generating  significant  downward  pressure  on  prices. 
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Table  I 

Consumption  of  Wood,  Plywood  and  Paper 
(mils,  of  tons) 


»  Softwood 
Hardwood 

Plywood 
Soft 
Hard 

Paper 

Total 


1977 

75 
20 


18 

5 

52 
170 


Yearly  Average 
Rate  of 
Growth 

3% 
3% 


2.5% 
3.0% 

5.0% 

3.7% 


2,000 

150 
40 


33 
10 

157 

390 


Increase 
Over  1977 

75 
20 


15 
5 

105 

220 


As  replacement  for: 


Table  II 
Market  Penetration  by  Fiber  from  Sugar  Crops  by  Year  2000 

SHARE  OF 


Tons  (mils.) 


Softwood 

Hardwood 

Plywood 
Soft 
Hard 

Paper* 

Total 


22 


3 

1 

32 
66 


Total 
Market 

15% 

20% 

9% 
10% 

20% 

17% 


Market 
Growth 

29% 

40% 

20% 
20% 

30% 

30% 


*Fibe 


may  replace  wood  pulp  in  the  production  of  20%  of  the  total 


paper  supply. 
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Table  IX  shows  that  of  the  long-term  in^e  ^."-SLnS^^^S"^^ 
could  be  supplied  from  fiber.   Since  the  output  of  ^  "  "^  J^afrequiredywould  have  to  be  supplied 
tively  stable  over  the  decades  ahead,  the  remaining  60%  of  ferial  req  q£  products  from 

from  foreign  nations  or  from  other  types  of  plants   Thus   the  P       P    production  unlikely  to 
fibers  does  not  appear  likely  to  ^erate  an  oversupply.   Rather^  wx th      P  ^  can  ^  looked 

-rasi^srie^  -^  -  *—  —• 

The  price  implication  of  this  preliminary  supply  and  demand ^^^  ^SllSTt^of 
products  is  likely  to  be  at  least  maxntaxned  over  the  ^|«  "r  •  structure  of  wood  pro- 

fiber  are  supplied  annually  from  sugar  crops   Correspondingly ^  It     P  ^     f±ber 

ducts  is  ^t^^f^-^^^^PJ^^-.,^^^-.  the  fiber  will  be  able  to 

prices  mean  lower  costs  tor  tne  energy  uuuaxnt 

absorb  proportionately  more  of  the  costs  of  these  crops. 


SUMMARY 


The  Tilby  separator  system  provides  a  major  new  ^^«^ ^^St \ present  S 
possible  more^roducts  and  higher  quality.  P-^cts  from  crops  ha „  can  be  £  and  processing 

nology.   It  also  provides  for  a  reduction  in  energy  "^^"l  "£  values  can  be  estimated  regarding 
costfper  ton  of  material  handled.  However ,  ^f^e  reasonably  P^^^8    atlon8  haVe  been  con- 
these  varied  benefits,  more  productxon  experience  is  required^  ^ther    .   P  reiatively  larg£  scale 
ducted  on  only  a  small  scale  to-date.   D^  ^^ile  he'separator  system  offers  the  promise  of  substan- 
"al^onomic  g^to  £^^^^^  «  «"  Lne  before  this  promise  can  become 
a  reality. 
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CRITERIA  FOR  EVALUATING  MILLING  QUALITY  OF  POTENTIAL  VARIETIES  IN  LOUISIANA* 


B.  L.  Legendre 

USDA  Sugarcane  Field  Station 

Houma,  Louisiana 


ABSTRACT 


Fiber  content  and  normal  iuice  extrari-inn  =*■=  *■ 
of  potential  varieties  in  Louisiana.   C        mill  TesllTll   v^  J°  ^l^^  «"*»*   quality 
CP  series  conducted  during  the  1973  to  1978  ullTitt   III  5 ■ Varietles  of  the  1970  through  1976 

years  toward  the  selection  of  varieties  „h  hi   e   k     indicate  a  significant  trend  in  recent 
A  decrease  in  normal  juice  extraction  usualy^anj  ^ZrllT^   "*  ^  n°rmal  J'Ulce  fraction, 
and  a  higher  fiber  content.   The  data  on  norLT       decrease  m  recoverable  sugar  per  ton  of  cane 
tests  are  used  in  assigning  varieta^corre  ion  aXslvCFw"  ^^   f™»  ^ese'co.plete  mil? 
for  the  estimation  of  recoverable  sugar  per  ton  of  cane  frZ       I   each  variety.   The  VCF  then  allows 
tent  of  sample  mill  or  crusher  juice  ^  &   knowledg*  of  the  Brix  and  sucrose  con- 


INTRODUCTION 


signed  to  measure  fiber  and  normal  juiS  extraction  llr.lT*'   L°U"iana  ^  ■   Tl^  tests  are  de- 

of  recoverable  sugar  per  ton  of  cane  (T) .      These  data  1   .n"  1  each  variety  to  estimate  the  yield 

the  same  series  of  tests  are  used  to  assign  a   r    ,      compared  to  those  of  a  standard  milled  in 

The  VCF  is  then  used  in  subsequent   e       LtilT        C°rrecutlon  fact^  (VCF)  to  each  new  variety. 

of  the  Brix  and  sucrose  content  of  s^  e  m±      ?  rus^ulceY^  *"  ""   °f  "^  fr°m  a  ^^ 

for  varietal  differences  in  normal  i.nL  ^Itt ^l™*^   JU1Ce  for  that  variety,  and  its  use  correct.. 


-1^^^  and  fiber  percent  cane  are  highly  cor- 

extraction  decreases.   Further,  fiber  content  iTJtl  ?•  *?  flb6r  C°ntent  increases>  normal  juice 

fiber  increases,  the  yield  of  recoverable    rose  decreases  ^  ^ff^   With  —ose  yield;  as 
associated  with  VCF,  as  normal  juice  extraction  increases!  so  doeTthfvcl  ^  ""^  ±S  ^^ 

or  .ore^pL^e^IlTJelt;  flff iber^d  Z^^   °*    »*    W°    *""*  ^   CP  -ries  with  two 
these  two  criteria  of  milling  cua^y  K^hV ^„™£  5^™  -  *•  effect  that 

MATERIALS  AND  METHODS 

cane  (^STpSidSL'  S^2"2  ^iT^*  ^"V  minlmUm  °f  ^^  k§  °f  ha^^aned 
(2.3.7)    Normally,  duplicate  samples  are  processed  on  llrt  Tr      T*   ^  been  Piously  described 
quired  before  the  VCF  is  considered  permanent  for  *  ™  SaCh.date  °f  testin8  and  8  to  10  tests  are  re- 

plant;ane  crop> f°-  — *• «-  see  crop?  s  -riss  r^ntS:  -;— - 

sary    So^i^^^^SS'S^bS'ir^SS'T   ^    ""   ^^    W    ^    *»   ««- 

sucrose   reduction   factor    (2,3,7).      The   constant   value   of   0   985   JsT^  P"Cent   Cane   and   f°r   the 
The   commercial   varieties,    CP   52-68   or   65-357     whose  mil fin^        !      US  r   ^   Br±X   reduction   factor. 

are   used   as    the   standards    in   assigning  VCF  to   proSsSg  S  JSSeT   ^^^   ^   ^^   -sts, 


vcf  f2"t20i9"JtSo^  5JiJ2^^fSvsLs«i  juicd  rtraction  percent  —■  -  »• 

year  as  the  independent  variable  and  the   iL"3?   by  re8re"ion  analysis  with  serie 
sible  correlation  coefficients  were  calculated  Ion    ^-^  **    the  dePendent  variable.   All 
VCF-  calculated  among  series  year,  fiber,  normal  juice  extraction  „ 


All  pos- 
normal  juice  extraction  and 


RESULTS  AND  DISCUSSION 


The  average  fiber  rnnfpnf  cirri        n  .  . 
the  1970  through  1976  CP  series  f or 'wM  T     ^   SXtraction  ^  ,    and  VCF  for  the  88  varieties  of 
1978  harvest  seasons  at  th  U   .  Suglrcte^eld^  f  \ ^  """  ^^  du^   the  ^73  through 
Though  there  was  considerable  Variation  in  F^nd  £^£7'   °T'  L°U±Si™   are  ^  *»  Table.  1§ 
tive  correlation  between  series  year  and  FC  and  a  slL  f    *!"    ?"*'  ^^  ™S    &   significant  posi- 
y         C  and  a  S18nlficant  negative  correlation  between  series  year 

A  contribution  from  USDA  <zv&      ad  -,- 

Louisiana  State  University!  "operation  with  the  Louisiana  Agricultural  Experiment  Station, 
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and  NJE  (Table  2).   These  associations  would 

with  each  new  series  tested  by  complete  mill  tests 


indicate  that  FC  is  increasing  and  NJE  is  decreasing 


Table  1 , 


CP 
Series 


1970 
1971 
1972 
1973 
1974 
1975 
1976 


Average  fiber  content,  normal  juice  extraction  p 
factor  (VCF)  of  each  CP  series  from  1970  through  1976. 


ercent  cane  (NJE)  and  varietal  correction 


No.  of 
Varieties 


10 

11 

10 

9 

14 
17 
17 


Fiber 
Content 


(%) 


11. 

7 

13. 

3 

12 

4 

12 

8 

13 

0 

11 

.9 

13 

.9 

Mean 


12.7 


NJE 


(%) 

81.7 
79.3 
81.3 
79.4 
79.6 
80.9 
78.4 


80.1 


VCF 


1.01 
0.99 
1.03 
1.01 
1.02 
1.04 
1.04 


1.02 


Table  2.   Correlation  coefficients  between  year 

percent  cane  (NJE)  and  varietal  correction  factor  (VCF). 


of  CP  series,  fiber  content,  normal  juice  extraction 


Year 

Fiber 
Content 

NJE 

VCF 

(%) 

(%) 

Year 

Fiber  content  (%) 

.21* 

.21* 

-.28** 
-. 93** 

.40** 

-.62** 

.69** 

NJE  (%) 
VCF 

-. 28** 
.40** 

_  _ 93** 
-.62** 

.69** 

*,  **  Significant  at  the  5  and  1%  levels  of  probability,  respectively 


In  an  effort  to  improve  the  yield  of  cane  per  hectare,  more  emp h  x  has    n     ed  -  P^popu 
lation  in  the  initial  stages  of  selection.   However   here  exists  a  posi  -e  assoc  ^      w±th_ 

population  and  FC  (5)  which  might  ^«  ^^.f^^S  selection!  there  might  be  a  tendency 
out  selection  against  high  fiber  clones  in  the  initial  stages  or  election  for  stalk  popula- 

toward  increased  frequency  of  clones  with  an  unacceptable  level  of 
tion  were  successful. 

in  the  present  study  there  was  a  significant  positive  correlation  between jeries  V-  andJCF^ 
indicating  that  the  assigned  VCF  increased  in  magnitude.   According  to  J^STfir  th.  rla.  in  assigned 
in  FC  and  a  decrease  in  NJE  normally  means  a  lower  VCF   A  J™*™*^*^^ ,  used  exclusively  in 
VCF  was  the  apparent  change  in  the  FC  and  NJE  of  the  standard  variety  CP  65  357  ^.^ 

=23  SLrSelTon^9^  Hf  Njl,SmSing(IS^;s  flight  yearly  variations.   However, 
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it  is  impossible  to  predict  when  and  if  the  reaction  of  h«  =-  a      a 

ceptable  limits.  Adjusting  the  NJE  of  CP  65-357  to  pre-  975 "^^/arlety  will  deviate  beyond  ac- 
average  VCF  as  assigned  to  the  1976  CP  series  would  IZrllll  f  ?  I?  ***  19™  m±llinS  season>  the 
significant  positive  correlation  between  sZl^JlZTci  lllVfLtUl^      **«"»«*■  «- 

Table  3.   ^content  and  normal  juice  extraction  percent  cane  (NJE)  for  the  standard  variety, 


Year  of 

Test  Fiber 

Content 


NJE 


Pre-1975  W 

11.9 

1975  81.6 

11.9 

1976  81.0 

12.1 

1977  80.2 

12.6 

1978  80.8 

13.5 

78.6 


The  interrelationships  among  FC,  NJE  and  VCF  fnr  =1100     ■   . 

NJE  decreased.   All  of  t^^JESS  ZIT^ ^^^J^  ««  "  FC  *-^-. 

date  varLTdue  t^thfp^^  i^^or^lHeJor^f  "S^Vf  "T  «* -**"-  *""*  °*  -  -di- 
VCF  might  be  used  as  a  tool  in  calculating  rS  T  ?   ?  4  "andard  variety.   As  an  alternative,  the 
the  more  tangible  characters  of  FJ  a^d  ^  as  tlTtTttrllf        °f  If*^**1-  ^  ^   t0n  °f  cane  w^h 
to  James  and  Miller  (6),  selecting  on  the  basi of  B  evaluating  milling  quality.   According 

estimating  milling  quality  from  percent  fiber   ?his  would  In""?  ^T  ftraction  is  as  "liable  as 
milling  quality  during  early  stages  of  selection  in \Zt       ,      *   ^  d±scardin8  °f   clones  with  poor 
subsequent  mill  tests  could  be  used  to  estimate  recovera^6   §  Pr°8ram-   Then  the  VCF  as  -signed  from 
advanced  beyond  the  in-field  selection  stage   With  Ztl  ^f  ^  t0n  °f  Cane  f°r  thoSe  varieties 

be  dropped  and  in  its  place  some  fJxed  FC  and  NJE  couldb!    ^ '    "*  .***   *"   *   Standard  Varietv  ^^ 
complete  milling  tests  give  the  FC  and  NJE  of  S  c^daL^riSy?881^8  *  ^  t0  *  ™  ^^   after 
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SUCROSE  DESTRUCTION:   INVERSION  LOSS  DETERMINED 
BY  HIGH  PRESSURE  LIQUID  CHROMATOGRAPHY ^ 

By  Margaret  A.  Clarke  and  Mary  Ann  Brannan 
Cane  Sugar  Refining  Research  Project,  Inc. 

1100  Robert  E.  Lee  Blvd. 

New  Orleans,  Louisiana   70179 


ABSTRACT 


Sucrose  deposition  to  invert  sugars  is  responsible  for  losses  %£££?^t%***£m 
acid  PH.   An  HPLC  (High  Pressure  Liquid  ^^g^^Uss^  conations  of  temperature  and 
results',  as  apTliS  tboS;uIroseToSs;  T^Z   raw^ar  and  refined  sugar  production,  are 
discussed. 

INTRODUCTION 

The  loss  of  sugar  in  processing  is  a  problem  of  major  concerr .to  = ^c  turers^f  ^a^and^ef  ined 
sugar.   The  chemical  destruction  ^--se  account   or  most  of^he^un        ^  lncludes  themal 
IZZ£Z^   ST5S'o?i^  ^proceed  more  rapidly  at  high  temperatures. 

Many  different  pathways  of  destruction  of  sucrose  are  possible;  J*^^^^^ 
division  into  reactions  under  acid  conditions  ^^1«")  and  reac  reaction  is  the 

The  present  study  investigates  sucrose  destruction  under  acid  conditi  ^  mixture  known  as  invert 

inversion  of  sucrose,  catalyzed  by  acid  and  heat  to  form  gl ucose  ^        (13)   Inver_ 

there' are  conditions  of  acidity,  heat  and  moisture. 

as  ^r^8s^r:rs«n;  r ~Lrr^;^=T^«  is  sir be 

removed  in  processing,  and  which  cause  further  sucrose  loss  by  tat ing  =»       than  ^  otlglnal  loss  by 
2£ST  T„«;  ilTso\daitioXpVe..S  requiredTrem^ve  thesAo.pounds  fro,  tbe  product. 

The  alternative  method  has  been  to  follow  the  ^  ^ ^^ 
rotation  techniques,  or  to  observe  the  amount  «*  ~"  *J^^Et ^  ^he  sum  of  several  components, 
titration,  have  the  fault  that  they  measure  a  Property  £  *e*^°n     been  that  there  was  no  convenient 
rather  than  measure  the  individual  components.   The  problem  has  always 
specific  analysis  for  glucose  and  fructose. 

HIGH  PRESSURE  LIQUID  CHROMATOGRAPHY 

„  ^tir^^^^ 

SLS.SS.'^^Sa'S^^SS'^lSS,  tbere"is  no  derivat.ation  or  otber  pre- 

treatment  required. 

HPLC  separates  compounds  on  a  small  column,  at  room  ^"f"-^  ^Mgh  Pressure  drops  are 
use  of  packing  with  a  very  small  particle  size.   In  order  to  get  .».  „ted  „  the  basis  of  their 

required  -  approximately  500  to  2000  psi  in  sugar  ™^"»;  ^ ™n  o.atograpby,  but  a  much  greater 
ranged  compounds^  bfleparated  £  rSsonabie  tlmetcau.e'of  tbe  high  Assure  and  small-si.ed  packing 

material.   Analysis  is  both  quantitative  and  qualitative. 


This  work  was  performed  in  cooperation 


with  the  Southern  Regional  Research  Center  of  SEA,  USDA. 
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Sugars,  mono-,  di-  and  tri  qanrhar^oo 
columns  of  microparticles  (porous^S S 1  Sth^^Sly^dlf  ^^-^  ^  """"^  Prepared 
in  a  solvent  mixture  of  acetonltrile  and  water  JSh^!  Is  u  nded  c°atln8»  about  10  urn  in  diameter) 
14,16,19).   Other  organic  compounds  are  not  retained    >  !  ^  ^f1™  indeX  m°ni^  (3,4,8,10, 

T^tlTT^lZflllwith  HPLC  of  —  =  *~  £t£=^?3lSJ=32:  rrce 

is  ^Ta\L\^^^^^  and  for  any  other  sugars  present.  HPLC 

same  time.   It  avoids  the  problem  in  reducing  s^ar  Mtr J     k  "f  frUCt°S6  dlr6Ctly  and  at  th* 
titles  of  fructose  and  glucose  present.   There T   ££2™   "  f*^   ^^   the  relatlve  <ua- 
chromatogram  is  shown  in  Fig.  1.   It  is  do„Jmb  ,    lnt<frference  of  one  sugar  with  another.   A  typical 
decomposed.  g      U   1S  Posslble  to  see  if  fructose  and/or  glucose  have  further 


solvent  peak 


sucrose 


fructose 


glucose 


Time 


Fig.  1.   Chromatogram  of  fructose,  gluco 


glucose  and  sucrose. 
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It  must  be  emphasized  that,  although  the  HPLC  technique  is  reliable,  rapid,  and  straightforward,  it 


REACTION  CONDITIONS 


Most  of  this  study  was  carried  out  in  60  brix  solutions,  in  simulated  refinery  liquors.   Some  experi- 
ments were  run  in  15  brix  solutions,  to  compare  with  cane  juice. 

60  brix.  Differeoces  »a,  be  doe  to  Methods  of  «e as™  „   1.  .  i »d«  c  . *»™«    We  ^  found 


(17) 

brix 


f  0,Uc   nr  innir  strength  of  the  solution  is  another  important  factor  in  the 

dearth:  pi!  ^factors  lie   the  problem  of  inversion,  and  sucrose  loss,  in  cane  and  cane  ,uxce 
even  more  severe. 

The  salt  concentrations  in  this  work  are  controlled  by  potassium  chloride  concentration:   a  60  brix 
solution  prepared  with  0.1M  KC1  approximates  a  60  brix  solution  of  a  0.5  -  l-°^«*  raw  su§ar 
with  3  -  5%  ash  on  solids  also  compares  to  a  15  brix  solution  prepared  with  0 . 1M  KC1. 

The  reaction  rate  also  increases  with  increased  temperature  and  decreased  pH.   It  is  apparent  that 
conditions  in  cane  juice  of  low  PH  (high  acidity)  are  ideal  for  rapid  inversion. 

METHODS  AND  MATERIALS 


This 


Sample  Preparation 

stallized  sample  were  the  same  as  those  of  the  unrecrystallized  on  HPLC,  so,  the  unrecry 

stallized  sucrose  was  used. 

Glucose  and  fructose:   Eastman  or  Baker  reagent  grade  D-glucose  and  D- fructose  were  used. 

Samples  recrystallized  from  ethanol-water  gave  purities  and  recoveries  on  HPLC  similar 

those  of  unrecrystallized  samples;  so,  the  latter  were  used. 

Water:   all  water,  including  that  used  as  HPLC  solvent  which  received  further  treatment, 

was  deionized. 

with  dilute  HC1  or  NaOH;  samples  were  stirred  wetxcally  for  ^e  minutes  be  ^   at 

.  po-rninp  Model  12  pH  meter  was  used  with  Corning  Combination  pti  eiectroae.   ^^u   B 

dilution. 

Twelve  grams  of  each  solution  were  weighed  into  25-1  Erlenmeyer  f lasks  f ^^f^^kS'and 

of  sample  with  concomitant  losses  by  evaporation. 

SlMllillflllif- 

glucose,  were  diluted  to  500  ml.   Samples  were  then  analyzed  by  HPLC. 
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It  it  was  necessary  to  storp  a    camnio  <-u  -i 

High  Pressure  Liquid  Chromatography 

and  ^Bondapak-carbohydrate  column  (30  cm  x  4  mm  i         '  Z  }   dlfferential  refractive  index  detector, 
Flow  rates  were  generally  1.5  ml /min  varying  ^  "  TTSJ-S  &  f^  EleCtr°nik  19*  recorder.' 
Jil  for  sucrose,  and  25  ul  for  fructose-glucose  111  , ™  .        Injection  volume  was  generally  10 
Pressure-Lok  syringes  (Precision  Sampling  Corn        '»  ?   J"8  °!  Sample  concentration,  delivered  by 
great  difference  between  sucrose  and  g   c  Sc     c IZT'r      t-      7°895)  '   B6CaUSe  there  Was  often  - 
make  two  injections  on  different  dilution of  thf  6 b£T2£ ^^   "?  fre?™?«^  ne— y  to 
procedures  for  instrumental  response,  were  run  in  duplicate  samples,  including  those  for  test 

Sample  Cleanup:   A  pre-column  of  ahn„t-    l"  ,«„„.- i,  • 

anion^hlnii^king  material  Ohto  t  c.^«i  ff  °f  C°r\Sll/AX  B°ndaPak>  strong 
sample  solution  before  a  sample  was  collected  for  Inaction   F  h   "  ^f  ^^^  S6Veral  timeS  wlth 
solutions.   The  sample  was  filtered  through  a  In       "'       Pre-column  was  used  for  three  sample 
fluorocarbon  filter,  before  going  n   °     r       n   '    "  "  ^^    ""^  Wlth  a  5'°  ^  MHUpore 


ub..TT®^i,ffi^sJS)?"lJS1S,S2r^.Jrik"d; Distilled  in  Glass  (Burdick  -  ^-kson 

exchange  resin  in  the  0H~  form,  then  over  a  column  of  %P3SS   Z^   *  ^^   °f  Str0ng  base  ani°n 
then  over  a  column  of  activated  granullr  cr r  *   *"*'  Catlonic  r"in  in  the  H+  form,  and 

mixture  of  83  ml  acetonitrile  tAy  ml  wa te  was  usedT"  T^   °f  8altS  and  °rganlcS-   A  s°lvent 
filtered  through  a  5.0  urn  pore  size  Im  np     ^  f°*  *"  analyses-   The  solvents  were  mixed, 
(Dlsontegrator  Model,  UUrasonic  Industries  Inf   Plll^    ^vT  "*   S°^e*   for  five  minutes, 
tograph,  the  Model  4,0  UV  detector  waf^  S^TS^i^Si  solvent  rarity .  ^  «*"- 

S^^HSre  ^^aS;^Xr~:mi™h.l08e; separating  and  resoiving  abiiity  -«■  *- 

re  after  each  day's  operation  IT' ITllll^   the  column  was  washed  with  a  50%  methanol-water 


in  use. 


were  investigated:  reproducible  measurement.   Three  methods  of  calibration 

lm  ?^/S"riSS™;^°^;:cp™p«suco;L^  dfrffctosH%in  the  pertinent  ™ti0n  -ges  * 

different   refractive   indices   of   the   sugars        Th  ^  T   ^^   t0  an0ther  beCause  of    the 

versus   concentration)    was   examined    f SJS  a^rofchan^   ^T   ^   '"^    (Peak  height 
of   total   amounts   of   sugars   in  a   sample  i  changes   in   slope  with   time.      The   effect 

was   the  effect  of   sample  volume  ^^Sr^^ST"   ""  "*  8U8"  ""   investigated,    as 
of   recalibration  were   checked.  concentration  of   sample  upon   response.      Frequency  and   extent 

2'      height  £d»SrSf "£*£££  IZT.ltT'   US±n8/f  ^-^-81-opyranoside.      Changes   in  peak 
sugars  were   investigated.  standard   to   sugar  with  varying   amounts   of   each   sugar   and   of   total 

3>      fprparoxe^?io°n  Tli:\ZlltTAZi\ft^^   and.l0W£r   CTentrati°nS  ™   investigated.      An 

with  a  calibration  c«r^"S££%oL2i, TtTto^l^   ™"  ^'^   by  C°mparlng  peak  h*^ 
tions  were  selected  and  injected  and  the  unknL       ?    *  JUSt  abOVe  and  bel°W  SamPle  concentra- 
versus  concentration  of  the  two  standard   TbH  C°nCentratlon  read  fr°™  a  graph  of  peak  height 
gated  over  a  range  of  absolute  an !r   I  w     ^curacy  and  precision  of  this  method  were  investi- 
response  of  a  coLnn  with  time  loLen  rltio^^f       "  "V"^'  and  ^  changes  in  the 
Percent  of  the  original  7.2  g  sample  or  sucrose!    ^    ^  '""*  Sample  W3S  determined  as 

RESULTS  AND  DISCUSSION 
Optimization  of  the  Analytical  Method 

-a^ie  -*-■• PH  at  room  and  reaction  rpmpPrah,r. 

^^Temp.  '      " ■ . 


pH   \    oc  (FQ) 25  (77) 

Aqueous,  pHA        ~     " ,  L 80  (176.) 90  (194) 

Aqueous,  pH  7  ^'°°  3.90  '"" 

60  bx,  pH4  I'Z  6.90 

60  bx,  PH7 J-JJ 


4.05 
6.50 


It  was  concluded  that,  for  the  60  brix  samples,  PH  measurement  could  be  made  at  ro 


3 

90 

6 

90 

4 

00 

6. 

55 

om  temperature. 
110- 


^^^!liL2££«^:      „  „as  deterged   th?t  Peak  height  was   a  «,.   g™^-^ 

integrator   available   for   this   study. 

Tests  were  conducted   to   chech   the   response  of   the  colu.n  -^^  Se^"^   """"" 
Z£?£Z?Z£:.    ^  "-  SLSS^EST    ^f  dlsparft,  -  he    taken   ante  accent 

in   the   choice   of   a  method   for   calibration. 

Table   2.      Response    (pea,  height)    variation  with   sample   concentration.      All   injections^O^ 


a 1 1 enuation  X8 . 


Glucose Sucrose 


Samnle.conc, J™*™ ^£p R 

5  mg/ml  36  26. 

10  mg/ml  ^  64 _ 57_ 

20  mg/ml — ~  — 


Mother  series  of   tests  —  *  effect  of  ^^^^^  illZ^rlZ^T  ^ 
There  »as  a  considerable  effect,   as  shown  "  Table,3'   """""""J;,  t„0„„t       ideally,   of  coarse,  »hen 
SSSSS  "a  S^T^SS  "r^lsot^S?   Tt'^d  be  preface   to  have  a  response 
to   either   amount   or   concentration,    rather   than   to  both. 


Table  3. 


Response  (peak  height)  variation  with  sample  dilution.   All  injections:   0.2  mg ; 


attenuation  X8. rinnnqp  Sucrose 

Fructose  Glucose 


Sample  vol.  rruc^e ~ 

7^7  102  57 

10  Hi  "7,  86  50 
20  ul  »  66  40 
40  ul ■ 

There  is  a  solvent  front  (18)  where  the. sample  comes  into  contact  with th; .column  and^t  is^ 
this  point,  because  of  the  partition  factor  «  the  separat ing  func      f  the      ^^  ^  ^ 

eiu£-^^^^  •  *- was  not  possible  because 

the  sugars  were  not  sufficiently  soluble  in  83%  acetonxtrxle. 

The  possibility  that  the  instrument  response  to  one Jf^^^^^^?^ 
of  the  other  sugars  present  was  investigated.   Results,  as  snown 
tially  no  such  interdependency . 
Table  4.   Response  (peak  height)  variation  of  sugars  injected  singly  and  in  combination. 

All  injections:   20  mg/ml;  attentuation  X8. Fructose  :glucose  :sucrose  ,1 :1:1 

Sample  vol.  Fructose  alo^e « __ 

"^i  £*5 mlfi 

10  ul ±±±^ " 


Table   5.      Variation   in  response    (peak  height)    with  varylng_ratlog_of^ugarsJ.^^^^. 


Sample  vol. Sugars    (mg) — —  f^FZHZZjlHil_        - 

fruct. glue. sucr- ^r-r — 2TI  17 

— 513 0^05  0^05—  0   05  •  ^2.5 


0.05 


0.05  0.10  26.5 


S:iS         S:i°o         -S  S:J  «J  3 

n    ?n  99    0  80.0  81.0 

20  .ul  0.20  0.20  0.20  990  7q_Q  m.0 

0.20  0.20 0-^0 2i-^ 


The  pre-column  treatment  was  tested  to  see  if  any  -gars  -re^stfr^  the  *£*££%   it-s^ 
passed  over  the  Corasil.   Results  on  HPLC  showed that  no  sugars  were  eb sorbe   y       and  inorganic> 

SS  SSTS^^S  =Va^^^^^  remove 

^^^^n:   lt  ls  known  that  the  packing  material  ^tjj^g^^^^ 
contain7~in~lSino  group,  although  the  manufacturers  do  not  reveal  the  speci 
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full  precautions,  or  about  2000  runs)  no  matter  how  caref^v'  "V  81xJmonths  of  steady  use,  with 
are  followed.   It  is  postulated  here  that  the  Line         7  ^    §,  ^  Sample  clean"«P  Procedures 
lard-type  reaction  with  the  sugars  in  the  samples   In  rM^    ^aCking  materlal  6nter  int0  a  Mail" 
gradually  used  up.   Reaction  products  form  on  the "no J  thlB  ?ay  >    the  actlve  sit^  °n  the  column  are 
and  increasing  back  pressure/  ^column™  an  be  opLat^at  S  to^HS  TV 'l^?   ^   ™*°™ 
mends  that  pH7  to  8  be  used.   Presumably  this  *-  w         P„  .  °  pH8,  but  the  manufacturer  recom- 
faster  rate  at  lower  pH.   The  manufacturer  al.n     because/T  Maillard-type  reactions  proceed  at  a 
water  -  a  procedure  that  greL"  extends  column  efficTe     ^  .?***   "*   ^^   in  50%  -thanol- 
reaction  products,  and  extends  the  useful  Seof  tne  co7     !\   uApparentl?  tbe  wash  removes  the 
will  be  exhausted  within  a  certain  Se^depfLing  on  the  "agfloaT  "  *"  inSVitable  ^  the  C°^ 

versus^nStionlsl^ig"  ^Ld ")  ^TnT '  1  * """J" J"*   ^^   ""  ^   ^^   ^   P«*  height 
expected,  but  because  of  the  no^lxnearitv '  a  oL  7\        ^  CT6S  Changed  W±th  Column  lifetime,  J 
This  type  of  calibration  procedure  we"  tnereforT  not  slllTll   J"^"  reCalib^tiorl  was  *>t  Po«±bl.. 
sive  study.   This  method  could  be  used  if  onlv  Tfo  SU^table  for  th*  Purpose  of  the  current  exten- 

or  if  a  lower  degree  of  accuracy  w   ^permissible   ThHiff  "*"  "  *'  aMlyZed  Within  °ne  0r  two  da3-> 
sample  concentrations  is  related  to  th'  JSE^  ^Slf 2?S^  ^oSS"^^^^ 


100  mg/ml 

50 


Peak 
ht. 


120   - 


SO   - 


kC 


0.1 


0.2      0.3 

nig.  f ructo  se 


QA 


Fig.  2.   Calibrati 


on  curves  for  fructose. 


^^t^St^^I^^t^^JJ8  »  intemal  <*«*«<  was  investigated,  it  was 
shown  ln  Table  6.   The  K-value,  2^Jl^^\       WT      "IT  ,    ^"^tely  on  the8  column  L 

w  —  -  -  -  -feFfe-sSLri IT  «__ 

read  from  calibration  curves  of  each  of     thJ       aPProximations  of  the  three  concentration! 
Prepared,  and  these  six  standards  run!  Thxs  gives TStal  oT  *"   Stand3rdS  f"  *aCh  «*«  ™t  be 
Tables.   Variation  in  K   i     ■  **  ^  °f  ^  ™  for  each  sample,  or  14  countin, 

. K  -  values  "    ' iL— - 


1:1  (10  mg/ml  each) 
2:1  (20  mg/ml  sugar  to 

10  mg/ml  std.) 
2-5:1  (25  mg/ml  sugar 

to  mg/ml  std.) 


fruc. 

0.85 
0.72 

0.65 


glue, 

0.80 
0.68 


0.62 


sucr . 

0.66 
0.56 

0.52 
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«h.   nec.ssa„   duplicate   runs,    at   a"**"™^™  "  ££    'SbS^LESTLS/S" 

Thl.   tectai,ue,   although  length    «U--«- f'2^LS°£I"«^Si2.*S,5   tL'l^leTue  " 
rr^^"^^^   "r^oHSrS   tStS-LSiS   .-An.'-,   b.   »pte5se,   a,   t.n~ 

in  Table  7. 


Table  7, 


Precision  of  measurements  by  method  of  bracketing. 
Sugar 
Fructose 
Glucose 
Sucrose   


Coefficent  of  variation 
0.9%  to  1.5% 
0.7%  to  1.5% 
0.8%  to  1.4% 


The  lowest  limit  of  detection  was  2.5  ug  of  sugar  in  100  ul  of  sample  or  25  ppm 
and  pre^isi"  were  obtained  when  dilution  and  attenuation  were  such  that  peak  height 
or  full  scale. 


100  mg/ml 


Best  accuracy 
s  were  10%  to  50% 


Peak 
ht. 


120 


SO 


U 


0.1      0.2      0.3 
ag,  glucose 


Fig.  3.   Calibration  curves  for  glucose. 


120 


Peak 
ht. 


80 


40 


100  mg/ml 
50   " 


Fig.  4.   Calibration  curves  for  sucrose. 
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obtained  by  a  Munson  and  Balker  copper  reduction  method   S  ,  It'         "  the  "">"*»8  sugars  figure 
method  define,  aU  reducing  substances  in  the  ^  ^A^rll^T^^T   """ 

this  sv-srs^s:  ss;  s  ^rss^-r.svs,™1"-  £r by  c—  *■*■• 


Table  8. 


%  Reducing  sugars 
Munson  and  Walker 


Comparison  of  sugar  in  molasses  hv   hpt  r  .  -,-  ,-u    j 

sucrose  by  Clerget.    m°iaSSes  h?   HPLC  wxth  reducing  sugars  by  Munson  and  Walker, 


and 


%  fructose 
+  %  glucose 


20.40 
17.86 
16.61 
15.57 
20.41 
24.77 
22.53 
16.36 
17.79 


sucrose , 
Clerget 


sucrose 
HPLC 


18.50 
14.75 
14.75 
14.25 
17.50 
22.00 
19.50 
14.00 
14.50 


9 

11 

86 

32 

91 


-2.77 
-3.03 
-2.36 
-3.29 


33.32 
33.32 
37.26 
39.38 
33.47 
34.68 
35.29 
33.78 
38.17 


28.50 
28.25 
32.25 
33.75 
31.25 
32.00 
33.50 
31.00 
35.25 


-4 

.82 

-5 

.07 

-5 

.01 

-5 

.63 

-2 

22 

-2 

68 

-1 

79 

-2. 

78 

-3. 

92 

ph  3  ^^mf^^:^\^Trra^  r:ir  s  war at  6o  brix ™> « 

and  fructose  present  at  different  times  of  reaction   Results  ar  *   ^  f^8  °f  SUCr°Se'  gluC°Se 
the  original  sucrose.   The  change  in  pH  over  the"  reacMn  I  Presented  as  millimole  percent  of 

g   n  pti  over  the  reactxon  time  is  recorded  in  Table  14.   As  expected, 


Table  9, 


Decomposition  of  60  brix  sucrose  in  water-  80  C  H  76  n    r 
J^n^f_^he_th^or^^  Concentrations  are  in  millimole 


Time 
(h) 

0.25 


0 
1 
1 
2 
3 
4 

5.0 

6.0 

24.0 


4.0 

6.0 

24,0 


4.0 

6.0 

24.0 


Fru 

1.71 
4.45 
11.89 
17.59 
21.26 
36.28 
46.84 
48.79 
56.73 
92.39 


.34 

.48 

7.70 


0.0 
2.81 


pH3 
Glu 

1.71 
4.61 
12.13 
17.93 
21.40 
36.28 
47.50 
50.78 
58.92 
96.34 

pH5 

.34 

.48 

7.94 

pH7 

0.0 

2.51 


Sue 

98.95 
95.86 
86.83 
82.98 
75.51 
64.24 
50.69 
48.07 
38.90 
2.04 


96.53 

101.43 
90.30 


101.05 
101.75 


Fru 
0.0 


.09 

.19 
.09 
.19 
.71 


4.37 
40.89 


0.0 
3.76 


pH4 
Glu 

0.0 


1.05 
1.05 
2.14 
3.09 
3.66 
4.23 
40.89 

pH6 

0.0 

3.73 


Sue 

100.0 
97.77 
94.44 
95.44 
94.82 
94.82 
92.72 
93.77 
90.97 
53.07 


96.90 

101.05 

97.24 


the  reaction  proceeds  more  rapidly  at  lower  nW-  -ft-  -i     ,, 

of  a  proton  with  the  sucrose  molecule  is  rate-deter^  Yell.e8t*bl,l8hed  (2,15,16)  that  the  association 
PH,  shown  in  Table  14,  drives  the  reaction  forward T   §  ^  ^  ^netlCS  °f  the  "«**».   The  drop  in 
in  PH  with  increase  in  reaction  time   The  n£  drnn     * ^catalytic  effect,  because  of  the  decrease 
sucrose  are  slightly  more  acidic  than  s   0    JS\"        *   T^™   Pr°CeedS  b6CaUSe  fruCtose  and 
glucose  decomposition.  sucrose,  and  because  of  the  organic  acids  formed  from  fructose  and 

Experiments  run  ^m^^l^^   SuSTH  S?1Utl°nS  °l  ^^   "  P"  5  t0  7'  ^   9°  C  C«4  I). 
are  shown  in  Fig.  7  and  8,  and  Tables  11  and  12  ^^  =  °"1  M/1«  aPPr°™ting  a  raw  liquor) 
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%  sucrose 


Fig.  5.   Decomposition  of  sucrose  at  80  C,  in  water. 


1Q0 


80 


%  sucrose 


60 


uo 


20 


90°  C,  aqueous 


-1 


Fig.  6.   Decomposition  of  sucrose  at  90  C,  in  water. 


1  10      2± 

Time,  (h) ,  log  scale 


-115- 


100 


so 


%  sucrose  °0 


40 


20 


»°  C,  0.1  M  KC] 


1.0 

Time  (h) ,  log  scale 


10 


24 


Fig.  7.   Decomposition  of 


sucrose  at  80  C  in  0.1  M  KC1. 


90°  C,  0.1  M  KC1 


100 


%  sucrose 


Fig.  8. 


Time  (h) ,  log  scale 
Decomposition  of  sucrose  at  90  C  in  0 . 1  M  KC1 . 
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Table  10. 


Decomposit 
percent  of 


,„,..,.  qn  r    r  1 94  ?)        Concentrations  are  in  millimole 
ion  of  60  brix  sucrose  in  water,  9U  L  USt  * ) ■ 


Time 
(h) 

2.0 
4.0 
6.0 
24.0 


4.0 

6.0 

24.0 


Fru 


0 

0 

1 

85 

3 

04 

33 

67 

.10 

.62 

30 

.34 

;tical 
pH5 
Glu 

amount  o 

r  original  sm 
Sue 

Fru 

pH6 
Glu 

Sue 

0.0 

1.76 

2.95 

35.95 

100.00 

101.05 

98.62 

62.53 

.29 

1.05 

45.84 

.29 

1.14 

48.64 

101.18 
96.20 
49.31 

pH7 

.19 

.71 

32.33 

102.81 
98.62 
65.81 

Table  11. 


Decomposition  of  60  brix  sucrose  in  0.1M  KC1  solution;  80  C  (176  F) 
Bjlltogle  percent  of  the  theoretical  amount  of  original  sucrose. 


Concentrations  are  in 


Time 

(h) 

0.25 
0.50 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 
6.0 
24.0 


Fru 

0.0 


.29 
.38 
.48 
.52 
11.46 


pH5 
Glu 
0.0 


.29 
.38 
.48 
.57 
11.89 


Sue 


Fru 


pH6 
Glu 


Sue 


103.33 

- 

— 

103.47 

- 

~ 

99.48 

- 

~ 

102.09 
98.29 

0.0 

0.0 

101.90 

101.38 
101.24 

0.0 

0.0 

100.71 

99.33 
96.20 
87.49 

0.0 
3.71 

0.05 
3.71 

101.24 
102.81 

Table  12. 


Time 

(h) 

2.0 
3.0 
4.0 
6.0 
24.0 


4.0 

6.0 

24.0 


Decomposition  of  60  brix  sucrose  in  0 . 1M  KC1  solution;  90  C  (194  F) . 
millimole  percent  of  the  theoretical  amount  of  original  sucrose 

pH5 

Fru  Glu  Sue  Fru 

.57  .67         101.57 


Concentrations  are  in 


1.71 

2.76 
74.18 


.10 

.52 

46.84 


1.71 

2.71 

79.17 

pH7 

.19 

.57 

50.50 


99.33 
97.57 
14.88 


98.62 
95.15 
48.26 


0.0 

0.0 

0.0 

1.19 

52.45 


pH6 

Glu 

Sue 

0.0 

95.48 

0.0 

100.35 

0.0 

102.43 

1.33 

98.29 

59.72 

38.09 

Fig.  9  compares  the  decomposition  at  PH5  in  water  and  in  0.1M  KC1    8 0  C  (1 76  F)  an d  9 C  (1 94  F) 
it  is  apparent  that  the  reaction  proceeds  more  rapidly  in  th e  solu £™  £  ££«eXaf f ect  the  reaction 
data,  and  the  data  at  90  C,  confirm  that  ionic  strength  and  increased  W"J      fre£  water.   At  60 
rate,  as  expected  at  these  high  concentrations  of  sucrose  where  there  is  so      ^   ^      ^ 

mining  step  (17) . 

a    i„   n  9  m  VC\      at  15  brix  concentration,  at 
Fig.  10  shows  the  decomposition  of  sucrose  in  water  and  in  0.2  M KC1,  a  ^      ^ 

PH5  and880  C  (176  F)  ,  over  24  h.   The  data  from  thesj .runs  1  shown  ™  ^"^  ^  ^  ^  ^   ^ 
exceeds  the  average  ash  content  in  cane  juice.   It  can  be  seen     •  were  raised  t0  neutral 

80  C,  4  85%  of  = ,  is  lost.   T  his  percen  would^muc^reduce^^  ^  P^  ^  _  ^  ±n   24 

hi  whereL^rp^^oni^^U invert  was  found  with  no  measured  sucrose  loss. 


-117- 


100 


%  sucrose 


90°  G 
pH  5 


1  10 

Time  (h) ,  log  scale 


24 


Fig.  9.   Comparison  of 


sucrose  decomposition  in  water  and  0.1  M  KC1. 


100 


80 


60 


40   - 


20 


0.2  M  KC1 


1  10       24 

Time  (h) ,  log  scale 
Fig.  10.   Decomposition  of  sucrose,  pH  5,  80  C,  15  brix. 

Fig.  11  compares  decomposition  at  60  brix  anH  at-  l  =;  k  • 
difference  in  rate  with  difference  in  sucrose  conln  ra  i  nT '  Jn/   and-8°  °'  *"  ""«  "°   S^   the 
quickly  in  the  higher  brix  solution  but  not  in  direr r   III        I ■  lnversi°n  proceeds  somewhat  more 

reaction  is  known  in  the  H^.*™  ™  ,?  t,. d±reCt  ProP°rtion  to  the  concentration.   Although  the 


reaction  is  known  in  the  literature  (7  11  15)  t-T   Proportion  to  the  concentration.   Although  the 
dependence  is  dominant  in  very  dilute  solutions  (It, rl^nt  ^T^  °n  SUCr°Se  — tration,  thi 

is  the  rate-determining  step.   It  is  postulated      !w  ^r°8e>  >  where  the  protonation  of  sucrose 
solutions  by  a  joint  dependence  on  sucrose  Jnd  water      "J"  dependence  is  "P^ced  in  concentrated 
water  is  at  a  finite  concentration,  and  the  addition  ^nC6nt"tlons '   *»  these  concentrated  solutions, 
postulated  to  be  a  second  rate-determining  step         *  * ""  m°lecule  t0  the  protonated  sucrose  is 
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40 


20 


15  Br±x 
60  Brix 


1  10 
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Fig.  11.   Decomposition  of  sucrose,  PH  5,  80  C  in  water. 


a    i„   n  ?m  VC\  •    80  C  (176  F)  .   Concentrations 
Table  13.   Decomposition  of  15  brix  sucrose  in  water  and  xn  0 . 2M  KC1,    C    (U        )        . 

are   in  millimole  percent  of  the  original  sucrose, - 


Time 
(h) 

2.0 

4.0 

6.0 

24.0 


aqueous 


0.2M  KC1 


100.0 
100.0 
99.24 
95.15 


fru 


1.24 


glu 


1.05 


sue 

98.67 
95.83 
96.21 
80.66 


fru 


<2.0 
8.06 


glu 


<2.0 
8.25 


Table  14.   PH  change  over  24  h  reaction  time,  read  at  room  temperature  in  60  brix  and  .   m  L, 
solution. . 


Initial  pH 
pH  after  24  h 


15  brix  80  C  (176  F) 

5.0  7.05 

5.0  4.80 


60  brix  80  C  (176  F) 


60  brix  90  C  (194  F) 


6.10 
4.60 


5.20 
4.35 


4.05 
3.75 


2.95 
2.70 


7.05 
3.80 


6.10 
3.60 


5.2 
3.40 


t^o  r,H  Hrnn  in  the  60  brix  solutions 
Table  14  shows  the  change  in  PH  over  the  reactxon  time.   The  pH  drop 
increases  the  reaction  rate  to  some  extent,  in  an  autocatalytxc  manner. 

This  PH  drop  taken  with  data  from  Tables  9  to  13,  show  that  as  the  react! °^-eed.   t^mono-^^ 
saccharides'react  further  and  degrade  into  ™^*^g^%? Solutions  showed  so  much  decom- 
fructose  reacts  more  quickly  than  glucose   Some  of  the  experime  (7)  that  fructose 
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DETERIORATION  OF  SUGARCANE:   LEVELS  OF  DEXTRAN  AND  TOTAL  POLYSACCHARIDES 
DETERIORATION  0*^  ^^  ^   ^  L0UISIANA  guGAR  FACT0RIES 

E.  E.  Coll,  E.  J.  Roberts,1   and  M.  A.  Clarke2 

Southern  Regional  Research  Center 

Science  and  Education  Administration 

U.  S.  Department  of  Agriculture 

New  Orleans,  Louisiana 

ABSTRACT 

In  recent  years,  attention  has  been  Reused  on  the  formation  ^^£^^^T^> 
stale,  and  freeze-damaged  sugarcane.  P»™J^ ^jj1^  literally  ruin  the  economics  of  proces- 
molasses  and  for  the  formation  of  ^le-shaped  crystals  ^^  J  factQries  during  the  1977 

sing.   Tests  were  made  on  routine  samples  colle=te°  ™  ™   persisted  throughout  the  period.   Dextran 
campaign.   Although  no  frozen  cane  was  processed  wet  ^at^"  P"siste       g     moiaSses,  and  raw 
and'total  polysaccharides  ««  ^^e".^-" slk   to  determine Textran,  and  total  polysaccharides 

Wraet^f^dla^ 

^r^^^^  —  — ™ated  cane  is 

being  processed. 

INTRODUCTION 

increasing  research  has  been  directed  toward  -^standing  and  correcting ^^[™£%£Z* 
tion,  particularly  those  associated  with  Copper  tester  operations   Rat  ^  conditions 

functions  of  the  degree  of  mechanical  damage  (1,2),  cut  to  crush  delay  K    ,  ,.  &    (g)  ^ 

(2.3).  degree  of  burn  and  delay  of  harvest  af te, :  b« rn  n    ^deterioration,  dextran  content  was 
Zl  T^ZT^lll   varices  LsidereA  eValuating  the  degree  of  cane  deterioration. 

The  extreme  processing  difficulties  experienced  ^^^^^^^S1£S^ 
harvest  demonstrated  the  need  for  exploratory  wor*  °»  d^n  ^n  f  me^tic  ^  projects  were  initiated: 
volved  deterioration  similar  to  that  *»^  «  c^«  J^^S  -ne  variety,  date  of  harvest,  and  field 
(1)  To  establish  the  limits  of  ^^V*™ tent  0^1^^!  syrup,  B-mclasses,  final  molasses, 
^raw'sugar  ^s^are  Z^ETcSSZ   2  -"raw  sugar  factories.   The  latter  project  is 
the  subject  of  this  report. 

Both  projects  were   expanded  to  include  total  polysaccharide  analyses  to  study  the  dextran/total 
polysaccharide  relationship. 

ANALYTICAL  METHODS 

Two  methods  for  analyzing  dextran  were  considered.   One  was  ^^^^^^^^S" 
enzymic  degradation  and  dialysis  of  the  produ ct. Me assent   f  th e  d xalysabl  *  ^    ^     ^^ 

step  gives  a  measure  of  the  content  of  a-1,6  linked  polymeric  BJ-ucob    ^      analysis.   To  obtain  data 
sugar8  This  method  is  more  valuable  as  a  reference  P'-jJ^^Jj^  Mchotson  and  Horsley  (9), 
for  this  report,  the  modified  dextran  haze  assay  ^).  originally  d e       y       ^  ^   ^  ^  ^ 

TllTaooratTrir  TothTh:  ^JSS^   and^ne  ^/methods  give  values  lower  than  the  true  dextran 
values  (7,8,9). 

Briefly,  the  modified  procedure  (8)  is  as  follows :  A  standard  curve jJL; ,  preparec 1  with  a  solution^ 
known  concentration  of  Dextran  110   Al  ^s  -  ainin        2  m  go  f  dex  tr^  ^  P^  ^  ^ 

volumetric  flasks,  each  containing  0.5  ml  of  10*  trich l«acetx  absolute  ethanol  to 

sucrose  solution.   Distilled  water  is  added  to  make  a  total  12  5   1  ^        Mt  water 

the  25  ml  mark,  from  a  burette.   Twenty  minutes  af  ™  content>  -s  obtained  up 
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.r^-ps^  "s^ssr^rs  Sirs,^  heati°8'  ^"-^  —  «■  ^«  -»»  ^ 


In  the  dextran  assay  of  raw  cane  1n-froc   sn  ™i  e    ■     ■ 
mixture  of  equal  weights^dry  blsisTof  Imberlite  IR  UoTm      "*    2"^  *?*  10  m±nUteS  WUh  2°  «  °f  a 
of  the  resin  by  screening,  a  50  ml   1  u7    hP  IRT120W  a»d  IR-45 (OH)  resins.   After  separation 
jure  is  vacuum-filtered  with  2%   or  fd^tlaleou   arth  il^d  ^f if S^V^  **'  ^  ^  "*~ 
1S  tranSfSrred  lnt°  a  "  ^  """■  eth-^  i-  added,  and  thesis  read . L"L"SS  Ive!  ^^ 

enzymeFOLdratheSUmixture0  is  iLuba^d'at^""^^!  ^r^S^T"'1*''  With  °-°5  8  Klei^ase  GM-16 
then  shaken  for  30  minutes  with  1.0  g  of  the  mixed  resin  £f  §  f^  "^  15  minUt6S-   The  mixture  " 
distilled  water.   The  sample  and  washings  are  diluted  to  100  ml   m  T^  "  ^^  ^  rlnSed  Wlth 
filtered,  and  the  haze  is  developed  as  described  above  °f  TCA  *"  added'  the  mixture  " 

For  process  materials,  the  nrocpdnrp  i  =  n,„ 
resin  is  used.   To  avoid  suspected 1  meta  ^ ^  SerlT^S  £  l^-l   ""*  ^  '"   8  °f  the  ^ 
cedure  has  been  restricted  to  process  materials  havinea  t^e     ■?   -7  SyrUPS'  aPPlicati°n  °f  the  pro- 
ppm  on  brix  are  recorded  as  20  ppm.  8        PUrlty  ln  excess  of  80-   Results  below  20 

A  few  changes  were  made  in  the  analytical  procedure  (R\        tv,.    ,  ■,. 
minute  haze  development  time  by  using  the  commercial  J^traTzES^S   ?i  ""  ""^   ™8  Pr6pared  at  60" 
of  AB  Pharmacia,  Sweden,  rather  than  their  Dextran  110  fllO  000   i  (\milllon  mo1  wt>'  Lot  No.  8122, 
These  compensating  changes  resulted  in  approximately  5    107  V   "f  W°  at  haze  development, 

detract  from  the  practical  value  of  appJoxim^tinf  the  h!2w   ?   f  ""  ValU6S'  bUt  th±S  Should  not 
promotes  crystal  elongation.   Results "f^S^^L^'"!-      ""^  fraCtl°n  that  ^  belieVe 
Another  change  was  the  substitution  of  the  Jomesticalfv  ^n  m"S  *"  n0t  ^^  conclusive  (">)  ■ 
Code  4967-0  (GB  Fermentation  Industries  Inc Tfor  tS  *7    !" lable  enzyme  Mycolase  (R) ,  Lot  No.  K7h421, 
should  have  no  appreciable  effect  on  the  remits   The  thtrd  h    16  enZyme-   The  enzyme  ^stitution 
removal  of  spent  resins  and  in  the  final  fUtrati™  of         T**  ^   ±n  the  methods  used  for  the 
added  to  the  digested  sample  contlini'g  enzyme  residues^3    ^l68'   ^^""1  f"ter  aid  was 
through  a  47  mm  Millipore  fitted  witnprer liter  only   In  LlT*'^    ***   DiXtUre  W3S  f±ltered  and  wash*d 
it  may  be  necessary  to  substitute  a  co  r       t    ias   f  ?  1  **"  *"  ^tremely  difficult  to  filter, 
after  trichloroacetic  acid  (TCA)  treatment        i     e    !   "     Millipore.   The  final  filtration 

zrsrzs  srssr without  filter  -  -»--;r^.d-;j-:tit^tf^bro^L:d-45 

Total  polysaccharides  were  determined  by  the  procedure  of  E.  J.  Roberts  (et  al)  (n). 
General  Factory  Information 

in  factory  configurations  ™d  J„  op.rSngtSni^       """  S1""lar-   M»^P«1  differences  .ere 


Factory  A: 


m  Gn^H  I'0"356  Trd  Wlth  derrick-two  unloading  stations 

UJ  Cold  liming  of  mixed  juice 

(3)  History  of  moderate  sugar  recovery 

(4)  History  of  above  average  molasses  production 

(5)  Raw  house  and  refinery  combined-raw  sugar  samples  not  available 


Factory  B: 


B)  STlSZ^'S.rjSS?  — — «™  -i-^'-a  recovery  point, 

(3)  History  of  excellent  sugar  recovery 

(4)  History  of  minimum  molasses  production 

(5)  Raw  sugar  delivered  to  storage  and/or  market 


Names  of  companies  or  commercial  products  are  given  solelv  for  m,„ 

information;  their  mention  does  not  imnlv  tit  2      Y         purpose  of  providing  specific 

Agriculture  over  others "ot  Zt'nec 17*  reC0IImendatl0n  or  endorsement  by  the  U.  S.  Department  of 
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FIELD   CONDITIONS   DURING   HARVEST 
^tSirSSLTSSS^Si.  r.  ».«.ple  data.  are  shown  in  »!«   1. 


c 

crop 


Tab 


le  1.  Relative  Field  Conditions  During  Sampling  Periods  (1977). 


Factory 


Sample  Series 


Code 


Date 


A 

A-l 

A- 2 

A- 3 

A-4 

B 

B-l 

B-2 

B-3 

10/19 
10/25 
11/25 
12/17 
10/20 
10/24 
12/06 


Field 
Conditions 


Dry 

Wet 

Prolonged  Wet 
Moderately  Wet 
Dry 
Wet 
Prolonged  Wet 


RESULTS   AND   DISCUSSION 

The  no.  of  .aterial  -  process  should  he  ,ept   in  ^^■J^LS^rS'^."'^^ 
„ade   to  schedule   inhouse  sables    to  he   representative  o     th        »        3£«  enter     g  e^^  ptoduce 

period,  of  good  harves ting  ™;  ™«     »     S^SSS'.S.IShii  facilities,  but   factor, 
r^rnornaveTed-hrtol^SitrLing  t.o  periods. 


Factory   A  data  are   presented   in  Tables    2   and   3. 


Table   2:      Factory  A  -  Dextran   in  Mill   Samples,    PPm  on  Brix 


Sample   Series   Code 


A-l 


Date  of  sample 

10/19 

Mixed  juice 

80 

Syrup 

240 

B-Molasses 

960 

Final  molasses 

1070 

Mixed  juice  titre, 

ml 

1.3 

A-2 


10/25 

790 

2100 

1190 

2330 

1.2 


A- 3 


A-4 


11/25 

12/17 

290 

430 

2100 

780 

3650' 

1480 

4610 

1780 

1.0 

0.9 

,t  K!      ?^    of   Series  A-l      A-3,    and   A-4   increase   progressively   from  dilute  juice   to 
Dextran   contents    (Table   2)    of   Series  A   i,    AJ'  Q        exception   to   the  progressxve   in- 

final  molasses,    as    is   expected  with   the   removal  of   *u§"   soUds        On  p  ^  mentioned 

crease   is  on  B-molasses,    Series  A-2;    this  may  he  the  result  of  ™rxatio  ^  ^.^ 

earlier.      Relatively    large   increase  between  mixed  3^e  an d   J£^  because   of   Leucon0stoc    infec- 

S.r-"S^S   -the   oStr-olecolarltroctnr^g     h  eahdo^ ,  to    lo.er  .oleoul.r  .eight ,  ^ 
tf±l  £gZ£ZjZ  Iff^ZZl^r.^^^1-^   —led    in   s„ples   of 
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relatively  low  dextran  concentration.   Mixed  iuice  tit™,  A 

the  result  of  lower  organic  acid  content  i m      J«e   All  ^1  "  •*"   SeaS°n  Pro§— <*,  Probably 

mature  cane.   All  mixed  juice  samples  smelled  fresh. 


Table  3:   Factory  A 


ry  A  -  Starch  Equivalent  of  Tot 


al  Polysaccharides  in  Mill  Samples,  ppm  on  Brix. 


Sample  Series  Code 


A-l 


A- 2 


A- 3 


A-4 


Date  of  sample 
Mixed  juice 
Syrup 

B-molasses 
Final  molasses 


10/19 

24200 

4100 

6900 

11300 


10/25 

11/25 

17700 

12200 

10800 

7600 

8700 

12000 

6000 

20400 

12/17 

45700 

5000 

9000 

8400 


Total  polysaccharide  data.  Table  1   i-*,/H„  *■    L  •  ,  , 
the  dextran  values  in  Table    tota poiysaccha rides   §  1  TT   °'   Variability  that  is  inconsistent  with 
from  the  sugarcane  plant  and  bacterial  £ e tionsl   Lar~ II  T^  StarCh'  ^  °th«  P°ly-ccharide 
°f  .Series  A-2  and  A-3  probably  trapped  appreciable  'quantities  of  lh        "f '  Pre8ent  in  miXed  Juice  samP^s 
being  detected  by  analysis.   The  data  indicate  that  although  ?■     Polf acchar"es  and  prevented  their 
tage  of  polysaccharides  during  periods  of  low %m?  '^     §     *   clarif Nation  removes  a  high  percen- 
about  3000  ppm  on  brix.   NotAnTextreLly  hjh  polvsL^   7   ^^  at  the  SyrUP  Sta§e  is  problbJy 
were  effectively  removed  in  process.   Relative^viscoLtLs""  ?■  *?  "^  JU±C8  °f  Ser±eS  A~4'  which 
mixmg  and  were  found  to  be  increasing  in  thl  order  or  ItriZ   f1^1^1388"  w"e  approximated  by  hand 
agreement  with  the  dextran  analyses,  L    is  Lde^nde^f  ^otal  Usaccnaridet  ^   ™S  "  *»  ""«* 


Factory  B  data  are  listed  in  Tables  4 


and  5. 


Table  4:   Factory  B  -  Dextran  in  Mill  Samples, 


ppm  on  Brix. 


Sample  Series  Code 


B-l 


Date  of  sample 
Mixed  juice 
Syrup 


B-molasses 

Final  molasses 

Raw  sugar 

Mixed  juice  titre,  ml 


B-2 


10/20 

10/24 

20 

80 

70 

500 

460 

1210 

620 

960 

20 

500 

1.0 

1.2 

B-3 


12/06 
2910 

760 
2330 
1660 

330 

1.6 


^.^^U^^^^^zri^;  n1: 4' was  si-lar  to  that  °f  —  *>  — * 

Series  A-l  and  A-2  samples.   The  relatively  hLh  Z \  f  appreciably  lower  than  in  comparable 

deteriorated  cane.   In  this  series!  m  xld  Juicl      ["if'Vf  ^^  ^  "'  ^   ™Sult   °f  P«tl-U, 
smelled  slightly  sour.   Relatlve  viscosity  could  not  h I'    *f  }Xwl   raolasses  samples  were  foamy  and 
of  the  lubrication  effect  of  excess  gas  and  of  tl   K    es^mated  on  the  final  molasses  sample  because 
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small  quantities  of  acetic  acid. 


Table  5:   Factory  B 


Starch  Equivalent  of  Total  Polysaccharides  in  Mill  Samples,  ppm  on  Brix 


Sample  Series  Code 


Date  of  sample 
Mixed  juice 
Syrup 

B-molasses 
Final  molasses 
Raw  sugar 


10/20 

27400 

3700 

9100 

11500 

660 


B-2 


10/24 
30800 

5900 
12900 
14000 

2600 


B-3 


12/06 
29200 

7100 
14900 
17400 

1240 


i     ToKio  s   chnii  remarkably  uniform  trends  with  respect 
Total  polysaccharide  data  on  Factory  B  samples  Table  5  ^ta£  remark*  7  ^  syrup  ^ 

to  both  cane  quality  and  factory  operation   In  ^^  "*e '  ™*  f  °g*oil  content  of  mixed  juice  was  low 

final  molasses  is  in  line  with  the  amount  of  sugar  solids  removed   So  polysaccharides  by 

in  all  B-samples  and  did  not  interfere  wit  h  po  lys  accharid  e  ana  y  sxa   R»  v^  ^  J^   ^^      ^ 

clarification  was  impaired  because  of  the  .dec"a^^  cane  q     y^         dextran  to  total  polysac- 

agreement  was  obtained  throughout  the  series  on  re la^ve  "ncentrat  losses  in  Series  B-2  and  B-3,  are 

charides.   The  two  exceptions  mentioned  earlier  for  dextran,  final  molasses  in 

not  valid  for  the  polysaccharide  results. 


Sugar  Samples  from  Other  Locations 

Three  sugar  samples  were  selected  (Table  6)  for  comparison  o 
with  those  of  Factory  B  raws. 


f  dextran  and  total  polysaccharides 


Table  6: 


Dextran  and  Total  Polysaccharides  on  Random  Sugar  Samples,  ppm  on  Brix. 


Sample 


Dextran 


Factory  B  raws 
Texas  raw 

Philippine  bulk  raw 
Brazil  plantation  white* 


20-500 

90 

60 

990 


Polysaccharides 

660-2600 

1270 

520 

1570 


difficulties  encountered  during  crystallization,  ..«  needle  grain  forced;  too*  to  have  dextran  problem 

Texas  ra.  «  of  dart  color,  large  grain  size   and  £-  «!■£. .2"S  Z.tgSS^   "" 
fro.  Factor,  B.   Philippine  ra«  »as  of  very  »»"  "!«•  J™11  f  *™  Eluded  because  of  its  history  of 

in  solution  was  very  turbid  and  "dirty  . 

It  appears  that  with  proper  affination,  the  Philippine  raw  would  be  a  high  ^^  £  ^ 
both  dextran  and  polysaccharides.   The  P"^ular  Texas^aw  te te d      m ^-^  ^^   and  total 
obtained  under  ^ arable  harvesting  cond,  ion s   The  -thor^  ^P   ^  ^   distribution 
polysaccharides  content  of  the  Brazilian  sugar  priuL 
Ltween  molasses  and  crystal  phases  is  beyond  the  scope  of  this  paper. 
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SUMMARY  AND  CONCLUSIONS 


le  series 


from  ^^j^^/^^^ijs^*  2v~«5  — h  *•  first  samPlfc  _8 

were  large  increases  in  dextran  between  the  mixed  "ice  and  f reeZe-damaSed  "ne  was  processed.   There 
result  of  dextran  formation  during  clarification  or  of  J5t     V*        ^^      TheSe  increases  may  be  the 
haze  development  during  analysis.8  A  reduction  in  dextran  Hi    S1trUCtUre  ch»ges  that  affect  alcohol 
wxth  slightly  sour  mixed  juiL  that  was  relative^  £gh  in  dextfan       ^  ™   °btained  °n  °ne  Series 

soil  ^tr^^^?1^^ LSefSn^1-.^.-^  S0°d  — ^  f-  —  of  high 
mixed  juice  samples.   Polysaccharide  content  of  svruns  w-   l^f  "^  °f  P^^charide  content  on 
expected   increased  in  concentration  as  sugar  foSS^r^Y   ^  ^   "*"  COnditi°ns>  and,  as 
ference  ln  sample  uniformity  between  factories  -  problblv  h?    t   processing.   There  was  a  marked  dif- 
washing  operations.   Total  polysaccharide  concentration  is  related   )   'T  """^  ™™*™^   and 
large  amount  of  these  components  is  removed  in  cSrificatLn!      P^rily  to  field  conditions.   A 

Louis^a  Z^^X2^^££<  ITs.T^^   ~  °f  **~  '-  *- 

s,     establish  a  base  for  minimum  values  expected  from  fresh  cane. 
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9-  Nicholson,  R.I.,  and  M  Horsley  1959  D  ,  "*"       eChn01-'  ^  ^ '  1255"1265- 

products.'  J.  Agric  Food  Ch em!;  7?646-o4l?rmlnatl°n  °f  deXtran  and  Start*  *»  cane  juices  and  sugar 

U  Rebly;  F'^"'  ^  F'K-  Mak*  197?-   SUCr°Se  CryStal  Ration.  Z  Zuckerind,  27  (Nov  ) -138-144 
11.  Roberts,  E.J.,  M.A.  Clarke,  M.A.  Godshall  and  F.G  Carpenter  1978   P     ,  e 

charides  in  refineries.   Sugar  J.,  40,  No.  8:21-23.  Removal  of  some  polysac- 
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THE  USE  OF  DEXTRANASE  IN  PROCESSING  SOUR  CANE 

J.  A.  Polack  and  H.  S.  Birkett 

Audubon  Sugar  Institute 

Louisiana  State  University 

Baton  Rouge,  Louisiana  70803 


ABSTRACT 

The  dextrans 


The  adverse  effects  °*  ""T ££1^1^  ^t^Z^Z™  S^s T™ 
are  glocose  polymers,   usually  produced  by   the  action  of   the       g  Je„trauase,   to  decompose   the  dex- 

1„   1969,   Tilbury,  working  in  Jamaica,   "jested  the  use  of   the  en  y,^   ^  proced»re  and  made 
SSLST.S^SSl'SS.TrSi.lSnSS  conditions   for  dextra.ase  application  are 

reviewed  in  this  paper. 

At  nudabon  Sugar  Institute   several  trials  of  ^".^  —  » ^"^^^d!"^ 
la  November  1977,  cane  was  soured  by  aging  19  days  after  iarveMiW.  d  ms  also  ptocessed. 

impossible  with  untreated  stocks. 

Further  work,  including  obtaining  FDA  approval,  is  necessary  before  commercial  application  of  dex- 
tranase  can  proceed. 


INTRODUCTION 


bextrans,  produced  by  the  anT^iB^S^^^^^^^^S^SS^^^-r 
Siues"incerrere  ^SSSSSTLES  STJSSS  S VeSle  grains,   and  slowing  the  crystal 
growth  rate. 

b.xtrans  can  be  especially  troublesome   if  ^^ ZlZlToT^T^t^  TS^^^' 
warm  weather  is  particularly  conducive  to  activity  by  ^»c°™"°^sl°™     uJtarvest   season  has  always 

^^^U^^^^J-ST^^irrA^™  having'curtailed    the    >97o-77 
season   there. 

When  cane  freezes,   growth  ceases.     No  further  increase  in  J^S^S^^  rhenomS  are 

=vrt^^^ 

ST-SS^ST r/^f^s^rirabSTermen^n  reeds,  anyway, 

if  the  freeze  is  hard  enough  to  split  the  cane  stalks, -^^»J^&£?Tu'l*r 
leuconostoe.  This  bacterium  is  ubiquitous.   It  is  present  in  erne  fiel da  an  ccharlde  of 

to  feed  on  sugar  where  it  can  find  it.^Tha  "«f ^"^J,^". " slimy!  stringy  polymer  that  thicken, 
variable  molecular  weight,  reaching  perhaps  5  million.   »«™ ."especially  crystallization.   When  dex- 
the  sugar  juice  and  can  upset  .11  the  raw  sugar  P'~»"»|  ^   needle-shaped,  slow-growing  sugar 

particlei'lnscead  oftne'eTai  beautiful  ^,^"^™°°   «"-  £~-  -  —  ^  "" 

up  to  now  had  no  recourse  but  to  dump  the  batch. 

What  difficulty  dextran  will  cause  a  fermentation  plant  is  not  known-but  because  of  its  undesirable 
physical  properties,  it  is  presumed  to  be  undesirable  there,  too. 

Recent  Australian  literature  (2,3,4,5)  ^^^^J^^£S^^^   SSSE' 
as  first  suggested  by  Tilbury  (6).   Dextranase  specif ically  J^JooS^  (7) .   Depolymerization  restores 
chain,  breaking  the  polymer  down  mainly  -to  xsoma  to  -  -d  -omal to tr lose  <7,     p  7  preliminary  trial 
the  physical  properties  of  the  ]uice  or  syrup,  which  can  then  be  pr  ^^   1977-78,  as 

of  this  interesting  enzyme  was  made  at  Audubon  Sugar  Institute  during 
described  in  the  following  paragraphs. 
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MATERIALS 


Sugar  cane  used  in  these  tests  was  varipfv  tpa<;  «7     i  •  ,  , 
Louisiana  State  University.   Dextran^  Sov  "L ft f  „ ^f  ?*  ^  SU 


Denmark 


(Novo  25L)  was  supplied  as 


igar  Experiment  Station  of 


It  is  produced  biochemically  from  the  mold  penicUlinm?3  "  8r3t±S  ^^   by  N°V°  Indu"ries  of 


TESTS  ON  STALE  CANE 

Three  materials  were   <?tnrH  <=r?  •      "t^^u"  , 

tranase-treated   syrup    froY^ I  cane   ™  bese^t iSSfSre   alf   ^    ^   ^    (19   ^S   ^    ^  *«~ 

The  juice  was   limed,   heated,    treated  with  Separat       i    clarified  IT       ^  ?*  AUdub°n  Sugar  FaCt°^  tande- 
vacuum  evaporator  was   used   to  boil   the  juice  to  syrup.    Clarifl6d   ln  °pen  defecators.      A  single-sta^e  pilot 

Sugar  was   easily   prepared    ("A"   at-i-ii,^    r 
vesting  apparently   recited   in  no   si  n Si n t'StSE. tlZ   '£    T^"   ""■      *»   ^^  delav  ""a.  har- 
were   cubic   and   boiling  was  normal.  deterioration,    thanks    to   cool  weather.      The   crystals   formed 

™^PSS^rSU^2Tt£rjSi'2r~   »"£   *   *«   <«•  yard    for   an   additional    14   days.      The 
temperature  was   about   63°F.      Under   these   conditio!^  ^^   1<W  WaS   55°F-      The   overa11   average 

Attempts    to   boil    the    svruD    frnm    m^-i 


•     ,     ,>-W       ■■."*' 


Figure  1.   Fine,  elongated  crystals  from 
sour  syrup . 


#7 


o 


Figure  3.   Molasses  from  sour  syrup,  showing 
fine,  needle-shaped  crystals. 
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Dextranase  Treatments 

,—,.,-.  ta  -«i„g  conditions  .r.  <»^t^f  »££  »-  SS^2° ft  .^E""" 

ranges  of  treatment  are  summarized  below: 

DEXTRANASE  TREATMENTS 


RECOMMENDED 


Dosage,  gms/1000  li. 
Time ,  mins . 
Temp .  °  F . 
pH 


36°  BRIX 

JUICE 

SYRUP 

10- 

-20 

35-70 

15- 

-30 

30-60 

-- 



130- 

-140- 



4. 

-6  - 



USED 
36°  BRIX 
SYRUP 

100-200 

60-480 

130-140 

6.2 


.-  .1  m  it  is  Dreferred  to  treat  the  unlimed  juice  with  a  dosage  of  10-20 
According  to  Inkerm*«  f^j^f  ^         r  15-20  minutes  at  a  temperature  of  130-140°F  and  a 
grams  of  dextranase  per  1000  liters  of  the  juice  tor         concentrated  material  of  36°  Brix.   The 
pH  of  4-6.   For  a  number  of  reasons  we  elected  to  use  *  ™re  "™fn£rix   the  dosage  recommended  is  about 
treatment  doesn't  work  well  at  much  higher  concentrations.   At  36      •         J  time  of 

35-70  grams/1000  liters.   The  reaction  rate  is  lower  at  the  higher £™£?   used  was  much  more  severe, 
30-60  minutes  is  recommended  at  the  same  temperature  and  pH.   The  treatment  ^ 

as  shown.   We  used  100-200  g-msA000  liters  o   ex  rana    nd  HLeZtTigher ,  it  should  be  operable 

vSeryTadS  SSS-"  —  ^^^0^^^  cane  used  L  the  Australian  research. 

,,   ,.„  v,_,--i  q,]!)aI.  successfully,  without  trouble  from 

the  syrup  was  totally  unmanageable. 


Figure  2.   Normal  crystals  from  dextranase-treated  syrup. 
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All  of  the  syrup  treatments  tried  at  140°F  workpH   in,Q  *  ■      .      ,_ 
of  200  grams/1000  liters  (compared  to  35  t 70  recl^Ldel)        I^the  f"  trlalS  Were  &t   *  dos*^   «te 
8  hours.   Crystals  from  this  run  are  shown  in  Figured   On"th „  J        rUn'  the  treatm^t  time  was 
of  the  dextranase  treatment.   First,  time  was  reduced  to  n    ^sequent  runs,  we  cut  down  on  the  severity 
test  at  2  hours  with  half  the  dosage.   In  111  t   L  °'    "  "°    l   h°UT '   Fina11^  we  ^de  a      * 

good  crystal  growth.  CaS6S'  the  dext^n  content  was  reduced  low  enough  to  permit 


TESTS  ON  FROZEN  CANE 


f  i-s^l^^^tsls^^^  £rb-  ""• s— i  «-  -« *.,. 

free.es   occurred  almost   daily,    ««,    the   t»p««tu«  LrS"  Sc.J^  the""?,!    "   ""  ■"""  °f   Feb™r>-- 
A  compete    temperature    log   for   the   period    i„   question   is   shown   in  Iible    ,. 

After   the   hard    freezes^  *»£&«.^^£r£i^J£*~   "   '"   "-  —  "^ 
were   2, ^"^1^^^  Substitute  S^'S?"7   ""    "*"    <"»   »">    —>"   «   «-   cane 

with  Sl^T^rS  J^^STL"^-"^  3T"  -""— P-  **-**  only, 
saril,  representative  of   total  ^uST^"^  soirees  ."sh^i'laMe  S~- 

--.tL'^nSl^"  "n.1:,,,^1:^^  T""    in   thl=   °~   ^  ""«  "  was  dead.      This  pre- 
degradation.      But   January  and   Pebruar     „ r 1SS  tX'^ !  "5""  ""^  "°"ld  *""  -"Sated 
of    the  U.S.      Anyhow,    as   late  as    the    third  week  in  Feb™™  J""8*   J"St    "=    they  Were   f«  »°" 

in   the   80's,   with  apparently    low  acidities   and    row  glucose    forlatLT  ""'   ^   ^^  Jul«  »"*"" 

Nonetheless,    by   the   latter  nar-t-    «-f   v„u 

and   by   lncreases   ^gl^^rSiS'SdlcS^^SSjSr  T   T^l  *   ^  *"*   in  PUriti- 
made.)  y-       ^nrortunately ,    no  analyses    for   dextran   content  were 

ruary0HFSunUa^-24'-aTab"leOn2)?mPs;ruOpf  ^Tbrotht  ^th'^ '   ^   ^^    ±n   the   Audub°n  ^   «   Feb- 
Attempts   at   graining  and   crystal   growth  were   unsuccessful   "TI  §  ^^  ^^   °D  M,ru»>r    15" 

high  dextran  content,    formed   as    the   syrup  was   concentred        oT        ^   ™d   1UmpS'    ch™teristic   of 
could   finally  be   formed,    and    the   run  was   aborted?  Y   *   ***   flM   needle-^aped   sugar   crystals 

Dextranase  Treatment 

200  CoTTJITJsT.    aTheVesy0r„pra;p1r-"r8r»as1Uh:idt:tatheUt   36'  d"1"'    h"tad    »    U1"F  «"    —  ■"- 
to    the   vacuum  pan  for  boiling"      This    time  It  was   !,!,?"  "ndrtaons    for    Hj  hours,    and   returned 
were   formed.      However,   crystal  srowthla^gS  S^^ES^^r^ST  "—  "^ 


CONCLUSION 


tranas^o   SSf  KSX tHf "£££   '"E^  f   T^"   *~1Mli*   °f   —  <~ 

Louisiana  harvest   season   significantly        if   Sp  D*Xt"naSe  has    the   Potential   of   extending   the 

ably  higher   tonnages   should^e   producible        Further     use  17T *?   **  ^^   "*   ^^ '    then  consid- 

a  way   to  process   juice   from  otherwise   unsatiXactorv   U f   °f .dextrf ase'    "   perfected,    should  provide 

indicated   for   sugar   production,    and" tTSf  I        ' ^p J^iTt^ulcT^^t18  r;±bmt7/8   ^^^^^ 

ppj-y    ii    tne   juice     were   to  be   fermented   to   alcohol. 


need   l.'to^S^TS^rS^XJSS  m^be^l   't   T"   ^   ^   —^  —      The  P^^ 

of   gaining  approval,    especially  w^tne "utlook  fo    ^ JSt  S   ^       rBS°U^S    t0   tedi°-   Procedure" 
suppliers    to   try   to   overcome   this   obstacll TolLt  research ^eed     are"' "  "^^      ^  WlU   """^  W±th 


1.  Establish  minimum  dextranase  requirements; 

2.  Determine  molasses  exhaustion  possible  with  dextranase  treated  stocks, 
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3.  DeveXop  proved  analytical   technics   for   th.   rapid  damnation  of  damans  in  Jnicaa,   ayraps, 

and  dextranase-treated   streams; 

4.  Determine   optimum  process   point   and   conditions    for  dextranase   treating. 

v   a      .   illustrate   the   great   power   of   biochemistry.      It   also   illustrates    the   impor- 
tance'orSinrupTi^t::  ^fe^ca!  -elopes   in   the   scientific  world. 


Table  1 .   Temperature  Log 

Baton  Rouge  Area 

December  1977  -  February  1978 


Date 

December  1,  1977 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

January  1,  1978 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


62 

68 

76 

80 

71 

45 

49 

63 

59 

41 

49 

64 

56* 

59* 

52* 

42* 

37* 

37* 

39* 

50 

40 

46 

58 

65 

60 

44 

48 

36 

45 

50 

59 


54 
40 
41 
53 
60 
63 
64 
55 
32 

28 

40 

42 

35 

30 

36 

54 

45 

29 

35* 

29 

33 


Low 

47 

47 

56 

61 

51 

31 

28 

42 

44 

26 

27 

36 

44(40)* 

44* 

35* 

24* 

18* 

27* 

16* 

38 

32 

27 

38 

56 

32 

26 

26 

32 

36 

45 

45 

41 
29 
27 
24 
38 
51 
54 
32 
22 
22 

28 

33 

30 

25 

21 

30 

26 

26 

30* 

27 

26 


Hours  Below  32°F 


3.5 


5.5 


24 
24 
5.5 

7 
24 
21 

5 


24 

24 
20 
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Table  1  (cont'd) 

Date 

January  22,  1978 
23 
24 
25 
26 
27 
28 
29 
30 
31 


February  1 . 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


1978 


High 

36 
42 
52 
51 
36 
35 
37 
44 
57 
39 

42 

44 

42 

45 

52 

52 

46 

41 

49 

48 

51 

59 

64 

64 

51 

49 

62 

61 

39 

42 

57 

42 


Low 

30 
33 
43 
32 
24 
24 
29 
23 
34 
34 

35 
39 
37 

31 

31 

28 

29 

32 

31 

31 

31 

39 

47 

32 

31 

35 

37 

36 

31 

25 

29 

21 


Hours  Below  32°F 
4.5 


7 
21 
19 

5.5 


NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 


*From  Baton  Rouge  Weather  Station  at 


Ryan  Airport.   All  others  from  St.  Gabriel,  Louisiana. 


Table  2 
Data  on  Frozen  Cane  -  Sample  Mill  Juic 
Variety  65-357 


Date 

1-5-78 

1-10-78 

1-16-78 

1-23-78 

1-26-78 

2-2-78 

2-3-78 

2-8-78 

2-13-78 

2-14-78 

2-21-78 

2-22-78 


No. 

77-14 

77-15 

77-16 

77-17 

77-18 

77-19 

77-21 

77-22 

77-23 

77-24a 

77-25 

77-26a 


Brix 


16.98 

16.38 

18.92 

14.04 

18.6 

19.79 

16.27 

18.49 

16.92b 

20.6  L 

17. 16b 


Pol 


14.20 

13.73 

15.94 

10.30 

16.24 

16.1 

12.6 

15.0 

12.  9b 

17>4h 
12.0 


Apparent 
Purity 


Glucose 


83.63 

83.83 

84.25 

73.36 

87.31 

81.35 

77.44 

81.12 

76.24b 

84.47 

69.93 


a)  Run  77-24  in  large  Audubon  Mill;  also  Run  77-26, 

b)  Crusher  juice  sample  large  mill. 

c)  Mixed  juice  from  large  mill. 


0.44 

0.62 

0.74 

0.97 

0.62 

1.57 

1.26 

1.05 

1.35C 

1.06 

1.89° 


Glucose 
Ratio 


3.10 
4.52 
4.64 
9.42 
3.82 
9.75 

10.0 
7.0 

13.24C 
6.09 

19.69c 


Titratable 
Acidity 


3.4 
3.4 
3.2 
4.3 
2.2 
3.3 
3.8 

4.3b 

5.8b 


Total 

Sugars 

(Dry  Basis) 


87.16 

88.22 

88.16 

82.40 

90.64 

89.28 

85.18 

86.8 

82. 8C 

89.61 

79.34c 
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DYNAMICS  OF  pH  CONTROL  IN  THE  SUGAR  HOUSE 

Fernando  Z.  Llorens 

United  States  Sugar  Corporation 

Bryant,  Florida 


ABSTRACT 


-•*>-  j-^au  Liiduges  or 
rri!tL°  ^8S  Present  ^  the  control  loop.  It  is  the  int-p^i  -  -™  — ™  rates,  and  the 
the  difficulty  or  effectiveness  of  any  control  system  A Vr  H  *  °t  *****  faCt°rS  that  wil1  determine 
House  during  the  1977-1978  crop.  The  findings  during thts  lr  H  T?  *!  ^  W*S  conducted  at  Bryant  Sugar 
functions  to  achieve  a  high  degree  of  quaUty  control  on  its  1^  ?  ***  Sug"  H°USe  tailor  ^s  control 
responsive  to  Sugar  House  demands.  control  on  its  liming  operations  and  make  its  process  more 

INTRODUCTION 

cure  of  210°  to  220"  F,  prior  to  evaporation   The  princioTe  T  ^^  With  llne  and  heated  to  a  tempera- 
considerable  amounts  of  disagreement  and  study   To  ISt   5   °^ectlves  of  this  process  have  caused 
the  most  satisfactory  reactions  should  be   Various  amounts^  T    t"™1^   is  available  as  to  what 
as  purity,  prevention  of  juice  inversion,  removal  of  non,        T  ^  been  laid  °n  such  concepts 
However,  basic  importance  must  be  attached  to  the  nl.T  r^V'    ***    ^  elimination  of  colloids, 
near  or  above  neutrality  where  the  sucrose  lllrslZl^lslLlT^   ^  PH  °f  the  r™  jui«  to  a  P°** 
reagent  used  to  achieve  this  purpose  is  lime        i"      ?     operations  is  minimal.   The  basic 
removal  of  certain  constituents  Lorn  the  "ice  which  Proy Crouh  1   "^ ■  ^  l8  alS0  <uite  helPful  in  the 
process.   For  any  process  there  are  certain  physical  condition   ^TV"  ^^  StSgeS  °f  the  re— 7 
Plicity  and  economical  operation.   The  addition  of  lime  thrS       T"  °PtlmUm  V&1UeS  f°r  b°th  s±™~ 
the  main  objective  0f  this  paper.  through  means  of  automatic  process  control  is 

ion  activitrSt^ti-Uy-Sding  T^T^sll   <««™usly  sampling  the  juice  for  its  hydrogen- 
tant  mixture.   The  value  of  this  pH  Is  usually  maintain^     S°  "  C°  maintaln  a  deslred  PH  in  ^he  re   - 
xn  the  clarified  juice.   Proper  control  of  co^siti^  varlabK s   "Z*"*   *  ^^   PH  of  6.8  to  7.0 
circumstances  due  to  the  fact  that  retirement lTa y^      s  ^  ^tert  '*  '""^  ^^  ""^ 


em  in  the  sugar  house 


as  jjx^:  Se  sss'^r^jssi'sjr^ external  to  the  —  *~  -  — 

changes  in  the  quality  of  the  milk  of  lS£?      1OT  these  arrive  as  changes  of  incoming  flow  rate  or 

of  limeB)soTlutioen:Li°n  '"*'  ^  iS  *"  ^^   °f  ^  chemical  reactions  between  the  juice  and  the  milk 

iags(C)  Time  lags;  these  present  themselves  in  three  types:   measurement,  controller,  and  system  transfer 

Previ^slytnti^ed'la^s0"  Et^t^SlE."^*  ^L^T, "?  J*  ±H  C°  *  dist^^shed  from  the 
the  control  means.  consists  m  an  actual  physical  delay  rather  than  a  retardation  of 

Preset  £?££S£t£  SSSTLS^^^^  °f  ""  ^-mentioned  factors  and  it  is  their 
ample,  time  lags  and  dead  time  are  Z  1    7        approPrlate  mod^  of  control  to  be  used.   If,  for  ex- 
changes be  gradual  and  reacS/rateH  slow   L\T  timers*  hiT'd^  "  ±S  d£Sirable  that  ^"°« 
since  it  causes  uncontrollable  delays  between  changes  in  the  r^\  det™tal  to  any  control  system 
correcting  action.   The  major  detrimental  eSe ct Tt f\   me  lag ^"that  oTsl^  ""  ^^  ^^  °f  the 


ow  responses,  rather  than 
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.,  ,lo  nn  ,-he  s„biect  of  process  control  and  means  of  ar- 


one  such  procedure. 


At  Bryant  Sugar  House  we  began  the  study  of  our  process ,  dynam ics  by  d e  ennjng  h   -ntxtat.v^  ^ 
presence  ofthe  dead  time,  time  lag,  load  ^es   jn^reactxon  r^  fact^ rsj^  ^^ 
duce  the  time  lag  involved  in  measurement.   Our  goal  here  ^  ^.^  ^^  q£  delay  x 

provide  a  composite  sample  of  the  system  *  reactions  and  t  ^  ^  ^^  of  our  mlxlnJ 

the  measurement  of  the  process.  ^.^^^fT^ttlT.ls   then  run  to  our  PH  sample  chamber  (Fig. 
tank  pump.   A  tee  was  placed  on  this  1   line  and  a  *  achieved  low  fluid  velocity  through 

1).   She  results  of  this  configuration  satx  factory .  e  ^  suff±  ientl  cir_ 

our  chamber,  thereby  increasing  useful  electrode  lite.   A   g  ^   comparing  the  perfor- 

culated  so  as  to  provide  a  highly  composite  sa drifted  flow  system  previously  used,  we  found  that  we 
TrJ,\Z\Z^^i:Xel^   tcTone^  Our  control,  reaction  was  also  quicker  and 


smoother . 


pH  value.   The  neutralization  curves  of  pH  are  by  no  *ean  impurities  affecting  neutra- 

tional  to  the  buffering  action  of  £e  reagents.   Cane   i  ^  q£  reagent     ired  for 

lization  curves  and  their  process  load.   Pr ocess  l^d^s  ^  .^.^  pH  rf  the  :ulce. 

proper  neutralization.   It  is  proportional  to  the  volume  £™J  ^  ^^  q£  r     t  re_ 

Since  buffering  will  directly  affect  the  slope  of  ^^"^^ration  and  determining  the  juice's 
quired,  the  extent  of  this  is  best  determined  by  P    r      /    hkally.   since  a  procedure  of  this 
sensitivity  to  reagent  addition   The  --Its  are  then  plotted  graphic,  y      ^  ^  ^ 
sort  would  be  very  tedious  in  a  large  scale  e*^™nt  *e  solutions  ranging  in  Baume'  from 

mixed  and  crusher  juices.   We  titrated  these  sables  wxthmxlko^  ^^  ^  ^  ^ 

5°  to  11°  and  plotted  the  average  results  into  a  general  reac tio  process.   This  is  not 

•  allow  for  the  discontinuity  in  the  ^^,1^   F    2    As  can  be  seen  by  these  test  re- 
a  highly  quality  controlled  procedure  in  most  sugar  house,   C   g   ^hroughout  the  portion  around  the 
suits,  the  juice  has  a  low  buffering  action  and  ^reaction  cur        g    ^^  equation.   This 
normal  operating  point  is  nearly  linear  and  could  be  «P^8«*        R  expressed  in  terms  of  the  variable 
equation  could  be  in  the  form  of  y  =  mx  +  b,  where  y  is  the  r  q      F        intercept,  b,  is  expressed 
x  which  is  the  lime  flow  and  m  which  is  the  slope  of  f^^Htandardized  curve  resulting  from 
by  the  initial  pH  of  the  raw  juice   For  exam  pie   fr  ^f*^^    tQ   7.5  ±  .25  pH  we  would  need  to  con- 
cur titrations  we  found  that  to  raise  the  pH  of  the  juice  from  S  ^  additions  of  the  m±1^ 
trol  our  milk  of  lime  flow  to  an  accuracy  of  ±5. 5A .   ^  «ry      g   y_shaped  paddle  is  positioned  by 
of  lime  to  the  process  is  accomplished  by      P   t    ^JdJf™  transmitted  to  a  Bailey  Meter  Company 

-itione^^^ 

A  third  factor  involved  was  that  of  retention  time  ^^J^^g^r*^^ 
control  of  our  PH  controller,  it  was  a  direct  influence  £-  ^  ™  a   ^P        load  and  tank 
nature  of  our  process,  the  retention  time  variable  is  a  direct  k     les  0f  time  con- 

level.   Unfortunately  for  control  purposes   ^is  is  not  always  consta n        ^^  ^^       3) 
stants  for  our  process  at  various  tanklevels  and  composed  an a    g  p        ^      ±cal  analyslS) 
From  this  process  reaction  curve,  by  the  use  of  the  ZJegler  a*  Based  on  these  results  we 

we  estimated  our  components  of  lag,  reaction  rate   and  unit  paction  ^  cQntroller  t0 

calculated  the  required  gain  and  integral  factions  of  the  control  ^  ^  controller 

the  calculated  functions,  it  was  subjected  to  a  variety  of  load  cha  g  ^  ^  ^.^   We 

reacted  very  well  to  these  changes  and  that  return  to  set  point  and     P  ^  cQnducted  during 

then  proceeded  to  make  further  studies  of  our  process  time  -stants^    ^^        disturb        The 
normal  grinding  activity  and  the  various  load  fetors  "«       experiments  and  on  the  new  controller 

under  a  wide  variety  of  load  conditions. 

Due  to  the  nature  of  the  sugar  making  .P-ess   juice  flow  can  widely  vary  «££££*   havfto 
process  control  is  to  be  maintained  to  a  S^en  accuracy   the  «te  bable.   The  best  solution 

change  constantly  to  suite  these  changing  conditions   This «^J   P   based  ^  previous  yearly  re_ 
we   could  find  for  this  problem  was  to  take  an  average  hourly  *«    *       (Table  1)   Based  on  these 
cords.   this  rate  was  established  as  the  norm  for  our  P™""  "n    entire  proceSs  dynamics  upon  these 
conditions  we  projected  operating  points  on  our  graph        sed     ^  resP£t  values  were  very  accurate 
values.   As  mentioned  before,  excellent  response  waB  obtained.   Oa  ^  ^  encQuntered  minimal 

throughout  most  load  changes..  Set  point  return  was  quick, 
overshoot  of  our  reset  responses. 
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•  .   -  m0nn-™  a  variety  of  conditions  over  which  our  control  system 
At  this  time  it  would  be  approprxate  to  mention  c variety  o  ^  subsequent  juice  flow 

was  inappropriate.   During  those  times  when  the  g^^^fgjt  it  acquires  the  characteristics  of 
the  system  can  become  highly  unstable.   This  is  due  to  t  tolerate  the  normal  integral  response 

an  end-point  batch  type  control.   Thxs  type  of  control  system  ca  ^  ^^   ^^  p>D< 

of  the  PH  controller.   Overshoot  xs  ^J**1^*^^    the  controller  can  do  no  more  than  to 
controller  is  necessary.   Since  juice  fl™  6   t  Ls  air  Idy  occurred  and  the  condition  will  not  be 
fully  close  the  valve  but  by  thxs  txme  °Yersh°0^"  f  a^gable  which  is  quite  efficient  for  this  type  of 
remedied  by  this  action.   Another  ^r^xon  of  control  avaxlab ^  ^    q  feedback  controller.   This 
process  is  that  of  feedforward  control  xn  combination  wxth  the   on  ^  feedforward  sectxon 

trol  function  but  with  one-half  the  workload. 

In  closing  1  would  like  to  say  that  ^^'^££"3  Seir  Si^^r 
type  encountered,  their  degree  of  difficulty  rises  »i th  complexi  y  ^  ^  ^  ^  expressed 
sampling  system  introduces  the  major  dynamic  of  dead  txme.   ™e  mixi     with  no  mixing 

as  the  volume/thruput  ratio  of  the  mixing  ™"**5^^b£j££  lagP  However,  most  normal  systems 
or  surge  vessel  (low  tank  level)  ^e  dead  time  wou Id  be  the  dominant   g  ^^  ^^  con_ 

have  some  degree  of  mixing  and  therefore  both  dead  ™  ^J^S^/^ruput  and  the  dominant  lag  is 
ditions  the  sum  of  these  lags  is  the  equivalent  o   the  system  a  v  P  ^  dependent  ^  accuracy 

S^SS  S^^rS^r^itiriw  ?icn  the  c^ll,  is  tuned.   Therefore  our 
control  "unction  will  constantly  react  to  the  sugar  house  demands. 


Table  1.   Average  Process  Data* _ 

Hourly  grind  -  548  tons/hr  x  2000  lbs/ton 
Imbibition  water  @  14.90%  cane  = 
Total  cane  and  water  = 
Bagasse  @  25.10%  cane  = 
Total  diluted  juice  = 


1,096,000  lbs/hr 
163,304  lbs/hr 

1,259,304  lbs/hr 
316,085  lbs/hr 
943,219  lbs/hr 


Average  brix  of  juice  - 

Weight  of  juice  @  15.77  brix  = 

Flow  =  943,219  lbs/hr  /  8.40  lbs/gal.  = 

Flow2  gpm  =  112,288.0  gal/hr  /  60  min/hr 


15.77%  sue.  by  weight 
8.40  lbs/gal. 
112,288.0  gal/hr 
1,871.0  gpm 


Load  Example: 

Capacity  of  juice  tank  =  16,526  gal  @  35%  lvl  =  5784  gal 
Juice  flow  =  1871  gpm 

Lime  flow  =15.54  gpm  (based  on  data  from  figure  2) 
=  75  T  =  v/f  =  5784/1871  =  3.09 

i  a    ,„  ,n7   .  ipvel  =  3305  gal  (output  flow  increase  15%) 
Assume  level  drop  to  20 A ievex    jjuj  g       r 

New  iuice  flow  =  input  =  1871  gpm  output  =  2151  gpm 

Tl Till  r-ch  level  of  207.  *  8.85  »1„.  -  II-  «-  «—-  «  ™   —  ""  ~«"  " 

15.54  gpm.   T  =  v/f  =  3305/1871  =  1.76. . 

*data  based  on  average  hourly  grind,  '76-' 77  crop. 
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A  COMPARISON  OF  RAW  SUGAR  BOILING  SCHEMES 

Harold  S.  Birkett 

F.  C.  Schaffer  &  Associates,  Inc. 

Baton  Rouge,  Louisiana 

ABSTRACT 

™arhnri    for  calculating  the  material  and  steam  balance  for  various 
This  paper  presents  a  rigorous  method  tor  calculating 
sugar  boiling  schemes.   Examples  are  given  for: 

1.  The  conventional  three  boiling  system 

2.  The  two  boiling  (A-C)  system 

3  The  double  einwurf  system 

The  results  from  the  material  and  steam  balance  can  be  used  to  compare  these  systems  with  regard 

1 .  The  pan  requirement 

2.  The  centrifugal  station  requirement 

3.  The  exhaust  (or  vapor)  requirement 

4.  The  condenser  water  requirement 

5.  The  controllability  of  purities 

6.  The  ease  of  graining 

ASSUMPTIONS 


to: 


These  are  listed  in  Table  1. 


DISCUSSION  OF  RESULTS 


The  A  strikes  for  the  double  einwurf  massecuites  will  take  less  tun 
used. 

The  pan  capacity  requirements  for  the  three  boiling  and  two  boiling  systems  are  approximately  equal, 
while  the  pan  requirements  for  the  double  einwurf  are  about  10/.  greater. 

a      n«n  nf  "r"  massecuite  is  constant  for  all  boiling  systems.   The 
Centrifugal  Requirement:    The  production  of   J  masse ^  The  hi  h  grade  massecuite 

production  of  high  grade  massecuite  is  lowest  for  the  two  boiling  y  ^  bo±ling_ 

production  in  the  case  of  the  three  boiling  system  is  f^l^ZTflysZ   is  about  50%  greater 
The  quantity  of  high  grade  mas secuit e  produced  by  the  double  einwu    ^  ^  ^.^  ^^   This  ±s 
than  that  from  the  two  boiling,  and  about  45/.  grfTater  cnan 
a  result  of  the  double  centrifugalling  of  the   B   sugar. 

^^^^^^     The  steam  requirement; .for  the  various  boiling  schemers  ^^ 
5.   The  steam  requirement  "is  lowest  for  the  two  ^°l^8  jystem,  fol lo   J  ^^   ^^ 

where  steam  requirement  is  7%  greater  than  that  jj^^g^  boiling  system. 
system's  steam  requirement  which  is  15/.   greater  tnan 

systems . 

Co^^itie^  in  the  two  boiling  system  the  "*£%£££   ^aSTS^V^ 
C  massecuite  can  be  maintained  at  its  optimum  level.   This  necessitates 
cuite  purity  by  recycle  of  "A"  molasses  to  the  A  strike. 
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Figure  3 
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In   the    three   boiling   system  less   control   of   the    "A"   striV«  ■,       ■ 

P»rlt?  can  „e  varied  M   re,„lred.     ,  „assecuIte     ^^J.  S^LSS^SrSjSS?  """   "*  8"4"  S"lte 


METHOD   FOR  MATERIAL   BALANCE   SOLUTION 


——  E.--2KJ:  -s  —  ^s-^-sss.-.  ~ 


used 
schemes 

The  data  required  is  as  follows 


ion  of  other  boiling 


Syrup 

Sugar 

"A"  Massecuite 

"B"  Massecuite 

"C"  Massecuite 

Grain 

Magma 

A  Molasses  (Diluted) 

B  Molasses  (Diluted) 

Final  Molasses  (Diluted) 

Total  pounds  of  syrup  solids  handled. 


Brix 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


L^ 


Purity 

X 

X 
not  required 

X 

X 

X 
X 
X 
X 
X 


r^sr^^1^  scssr.s:  s2°ss- a  thoror  — — g  of  the  SJM  foraula  is 

producing  a  sugar  of  S  purity  with  a   molasses^of  5  puStv  thf6  (°r  ^^  material>  of  '  Parity  and 
material  which  will  go  into  the  sugar  will  be  *'  ?ercentage  of  the  total  pol  in  the  original 


The  above  formula  does  not  take  int 
Diagram  for  calculating  mixtures: 


100  x  S(J  -  M) 
J(S  -  M) 

o  account  any  losses.    Another  useful  formula  is  the  Cobenze 


J  -  M 


S  -  M 
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Here  the  ,ua„tities  ..  ,.  and  K  have  the —^ ^ n^at^  T-'tt  -   e^-T^  ^ 

T„  solving  the  three  boiling  system  the  folding  calculations  are  performed. 

SJM  formula  to  the  pol  in  syrup. 
,.  The  solids  (Wrt  in  final  classes  can  be  obtained  by  dividing  the  pol  in  final  -lasses  by 
the  final  molasses  purity. 

3.  Kno.ing  the  parities  of  the  "C"  Messeeeite,  "£££  £  "?%£££  #J2£S.f-. 
c^c"'  £  SSTtlSreVS. Ind^^.ssecuite  »  be  obtained  by  -laying  the 
solids  by  the  purity. 

4.  Kuo»ing  the  Crain,  "glasses,  -  J-""^^.^.^  S  ^S£T 
£rth".°lS  SKS^  SVti^S  their  respective  purities  the  pol  in  the  Cram 
and  "B"  molasses  can  be  obtained. 

5.  The  grain  strike  is  closed  of  syrup  -J^^^  Sf.&S  SSfS/S^.*1"" 
S^.fS^'S'^rSTt^.Si  the  SS  and  the  respective  purities. 

,.  The  ,-  massecuite  and  "T  sugar  "Y^-^^  -^.^secuiceTan  Spinel  £" 

and  the  "B"  molasses  solids.   The  pol  in  the   B   sugar  ana 
the  respective  solids  and  purities. 

7.  In  steps  !  and  2  the  final  molasses  P-a-  solids  were  de  ^ined .  ^The  £*J*^£.* 

the  "A"  and  "B"  sugars  can  be  obtained  by  subtracting  the  obtained  by  subtracting 

£  To!  S  =££  fn  £  ^^JlTt^pS^  solids  in  thAotal  "A"  and  V  sugars. 

8.  If  it  is  desired  to  make  the  same  size  sugar  crystal  from  the  A  and  B  sugars   then  the ^agma  pro- 
duced from  the  "C"  strike  should  be  divided  between  the  A  and 

quantity  of  A  and  B  sugar. 

j     4-u„  "tj"  ct-riWp  i  <5  obtained  by  sub— 

9.  The  total  of  syrup  and  "A"  molasses  solids  and  po  usee  «  he   J^*^*  and  the'pol  in 
tracting  the  solids  and  pol  in  the  magma  used  on  the  B  f^laaaeB  fed  to  the  "B"  strike  is 
the  "B"  massecuite.   The  average  purity  ?f  'he  ayrup^and  quantity  of  solids  in  the  syrup  and 
#S2L"£?S  ^^l^^^^^-      -  Pol  -  the  syrup  and  "A" 
molasses  feeds  to  the  "B"  strike  are  calculated  individually. 

a        j  Hn  thP  "A"  strike  is  obtained  by  adding  up  the 
10.  The  pol  and  solids  in  the  "A"  molasses  produced  m  the  A  strike 

"A"  molasses  pol  and  strikes  used  m  the   B  ana  gram 
n      The  pel  and  solids  in  the  "A"  strike  is  obtained  by  adding  up  the  "A'sugar  and  "A"  -lasses. 

12.  The  syrup  rehired  for  the  A  strike  ^^^t^llt^TlZ^oTlJi^ 

grain  strikes  from  the  total  syrup.   This  completes  cne  v 
system. 
13   The  lbs.  material  for  each  strean,  are  obtained  b,  dividing  the  solids  by  the  Brix. 

14.  The  evaporation  in  each  strike  is  obtained  by  the  difference  of  the  total  feed  and  the 
quantity  of  massecuite. 

■   mpnt  for  each  strike  is  obtained  by  multiplying  the  evaporation  for  each 

15.  The  exhaust  requirement  tor  eacn  strj-K-e 
strike  by  the  assumed  pan  factor. 

»ote:  If  crystal  yield  fro.  each  •^.J^«j^^Sifft?I^5£ri1i^^«^ 

accuracy  is  achieved. 
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Table  1 


ASSUMPTIONS 


6. 


SYRUP  BRIX 

DILUTED  A  &  B  MOLASSES 

SUGAR  POL 

FINAL  MOLASSES  PURITY 

GRAIN  PURITY 

TWO  BOILING 

THREE  BOILING 

DOUBLE  EINWURF 
CRYSTAL  YIELD,  % 

A  STRIKES 

B  STRIKES 

C  STRIKES 
B  MAGMA  PURITY 

(DOUBLE  EINWURF  ONLY) 


60 
65 

97.6 
30 

57.5 

70 

70 

50 
42 
39 
93 


BOILING  SCHEME 


Two  Boiling 


Three  Boiling 


Double  Einwurf 


Table  2 
STRIKE  COMPONENTS  FOR  VARIOUS  BOILING  SCHEMES 


C  Sugar  Magma 
Syrup 
A  Molasses 

C  Sugar  Magma 
Syrup 


B  Sugar  Magma 
Syrup 


C  Sugar  Magma 

Syrup 
A  Molasses 

C  Sugar  Magma 

Syrup 
A  Molasses 


Grain 
A  Molasses 


Grain 
B  Molasses 


Grain 
B  Molasses 


GRAIN 

Syrup 
A  Molasses 


Syrup 
A  Molasses 


Syrup 
A  Molasses 
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Table  3 


COMPARISON  OF  BOILING  SCHEMES 


Boiling  System^ 
Two  Boiling 


Three  Boiling 


Double  Einwurf 


Advantages 


Good  up  to  Syrup  Purities 
of  78-80 


Easy  Control  of  Strike  Purities 
Handles  High  Syrup  Purities 
Without  Boiling  Back 

Produces  Better  Quality 
High  Grade  Sugar 

B  Strikes  Easier  to  Boil 


Disadvantages 


Difficult  to  Control  C 
Massecuite  Purity 

Requires  Boiling  Back  A 
Molasses  at  Normal  Syrup 
Purities 

Difficult  to  Grain  at  Low 
Purity 


Cannot  Handle  High  Syrup 
Purities  Without  Boil 
Back 

Requires  About  40%  More 
High  Grade  Centrifugals 

Requires  About  15%  More 

Exhaust  Steam  Than  Three 
Boiling  Scheme 


Stream 

"A"  Strike 

Magma 

Syrup 

"A"  Molasses 

Total 

Evaporation 

"A"  Massecuite 

"A"  Sugar 

"A"  Molasses  (Diluted) 

"C"  Strike 

Grain 

"A"  Molasses 

Total 

Evaporation 

"C"  Massecuite 

"C"  Sugar  (Diluted) -Magma 

Final  Molasses 

Grain 

"A"  Molasses 

Evaporation 

Grain 


TWO  BOILING  SYSTEM 
Basis:   100,000  lb.  Syrup  Solids 


Strike 

A 

B 

C 

Grain 

Total 


Pol  lb. 

23,074 

80,000 

7,285 

110,359 

0 

Brix  lb. 

Material  lb. 

27,469 
100,000 

12,669 

140,138 

0 

31,215 
166,667 

19,491 
217,373 

65,048 

110,359 
72,058 
38,300 

140,138 
73,529 
66,609 

152,324 

73,824 

102,475 

10,338 
20,678 
31,016 

o 

17,979 

35,961 

53,940 

0 

20,431 
55,325 
75,756 
20,148 

31,016 

23,074 

7,941 

53,940 
27,469 
26,471 

55,608 
31,215 
33,089 

10,338 
0 

17,979 
0 

27,660 
7,229 

10,338 

17,979 

20,431 

'or  Sugar  Boiling 

Evaporation 

Pan  Factor 

65,048 

1.15 

20,148 
7,229 

1.25 
1.25 

Purity 


'Brix 


84.00 

88.00 

80.00 

60.00 

57.50 

65.00 

78.75 

64.47 

78.75 

92.00 

98.00 

99.60 

57.50 

65.00 

57.50 

88.00 

57.50 

65.00 

57.50 

71.20 

57.50 

97.00 

84.00 

88.00 

30.00 

80.00 

57.50 

65.00 

57.50 

88.00 

Exhaust 

74 

805 

25 

,185 

9 

,036 

Cu.  Ft. 


1,634 


583 


223 


92,425 


109,026 
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Stream 

"A"  Strike 

Magma 

Syrup 

Total 

Evaporation 

"A"  Massecuite 

It  A  ft   r> 

A   Sugar 
"A"  Molasses  (Diluted) 

"B"  Strike 

Magma 
Syrup 

"A"  Molasses  (Diluted) 
Total 

Evaporation 
"B"  Massecuite 
"B"  Sugar 
"B"  Molasses 

^C"  Strike 

Grain 

"B"  Molasses 

Total 

Evaporation 

"C"  Massecuite 

"C"  Sugar  (Diluted) 

-Magma 
Final  Molasses 

Grain 

Syrup 

"A"  Molasses 

Total 

Evaporation 

Grain 


Pol  lb. 


14,032 
54,456 
68,488 
0 
68,488 
43,820 
24,667 


9,042 
19,514 
19,159 
47,716 
0 
47,716 
28,237 
19,478 


11,537 
19,478 
31,015 
0 
31,015 

23,074 
7,941 


6,028 
5,508 

11,537 
0 

11,537 


THREE  BOILING 
Basis:   100,000  Lb. 

Brix  lb. 


16,704 
68,070 
84,775 
0 
84,775 
44,715 
40,060 


10,764 
24,393 
31,114 
66,272 
0 
66,272 
28,814 
37,458 


16,481 
37,458 
53,940 
0 
53,940 

27,469 
26,470 


7,535 
8,945 

16,841 
0 

16,481 


Strike  -, 

Evaporation 


A 
B 
C 
Grain 

Total 


40,286 
30,254 
20,749 
_  7,593 

98,882 


SYSTEM 
Syrup  Solids 

Material  lb. 


18,982 
113,451 
132,433 
40,286 
92,147 
44,894 
61,631 


12,232 
40,656 
47,868 
100,756 
30,254 
70,502 
28,929 
57,628 


12,559 
13,763 
26,322 
7,593 
18,729 


Pan 

Factor 

1 

15 

1 

15 

1 

25 

1. 

25 

84 

.00 

80 

.00 

80 

78 

80 

78 

98. 

00 

61. 

57 

84 

.00 

80 

.00 

61 

.57 

72 

00 

72 

00 

98. 

00 

52. 

00 

80.00 
61.57 
70.00 

70.00 


°Bri> 


88.00 
60.00 
64.01 

92.00 
99.60 
65.00 


88.00 
60.00 
65.00 

65.77 

94.00 
99.60 
65.00 


18,729 
57,628 
76,357 
20,749 

70.00 
52.00 
57.50 

88.00 

65.00 
70.64 

55,608 

57.50 

97.00 

31,215 
33,088 

84.00 
30.00 

88.00 
80.00 

60.00 
65.00 
62.61 

88.00 


Exhaust 

46,329 

34,792 

25,936 

9,491 

116,548 


749 


582 


204 
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Stream 

"A"  Strike 

"B"  Sugar  Magma 

Syrup 

Total 

Evaporation 

"A"  Massecuite 

"A"  Sugar 

"A"  Molasses  (Diluted) 

"B"  Strike 

"C"  Sugar  Magma 

Syrup 

"A"  Molasses 

Total 

Evaporation 

"B"  Massecuite 

"B"  Sugar  Magma  (Diluted) 

"B"  Molasses  (Diluted) 

"C"  Strike 

Grain 

"B"  Molasses 

Total 

Evaporation 

"C"  Massecuite 

Magma  ("C"  Sugar  Diluted) 

Final  Molasses  (as  produced) 


40,334 

45,834 

97,646 

162,744 

137,980 

208,578 

0 

58,599 

137,980 

149,979 

73,529 

73,824 

64,451 

99,156 

DOUBLE  EINWURF  BOILING  SYSTEM 
Basis:   100,000  Lb.  Syrup  Solids 

Pol.  lb.    Brix  lb.    Materia_l_lb^ 


37,510 
78,117 

115,628 
0 

115,628 
72,058 
43,569 


23,074 
0 
36,940 
60,014 
0 
60,014 
37,510 
22,504 


8,511 
22,504 
31,015 
0 
31,015 
23,074 

7*941 


27,469 
0 
54,645 
82,115 
0 
82,115 
40,334 
41,780 


12,159 
41,780 
53,940 
0 
53,940 
27,469 
26,470 


31,215 
0 
84,070 
115,285 
27,928 
87,356 
45,834 
64,278 


13,817 
64,278 
78,095 
22,487 
55,608 
31,215 
33,088 


93.00 
80.00 
83.80 

83.80 
98.00 
67.60 


84.00 

67.60 
73.08 

73.08 
93.00 
53.86 


70.00 
53.86 
57.50 

57.50 
84.00 
30.00 


'Brix 


88.00 
60.00 
66.15 

92.00 
99.60 
65.00 


88.00 

65.00 
71.22 

94.00 
88.00 
65.00 


88.00 
65.00 
69.06 

97.00 
88.00 
80.00 


Cu.  Ft. 


1,609 


928 


582 


Grain 

Syrup 

"A"  Molasses 

Total 

Evaporation 

Grain 

Ejchaus^r^apor,!?^^ 

Evaporati 


1,882 
6,628 
8,511 
0 
8,511 


2,353 
9,805 

12,159 
0 

12,159 


Strike 

A 
B 
C 
Grain 

Total 


58,599 

27,928 

22,487 

5,190 

114,204 


3,922 
15,085 
19,007 

5,190 
13,817 


Par 

Factor 

1 

15 

1 

15 

1 

.25 

1 

.25 

80 

00 

60 

00 

67 

60 

65 

00 

70 

.00 

63 

.96 

70.00 


88.00 


151 


Exhaust 

67,389 

32,117 

28,109 

6,488 

134,103 
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ECONOMIC  STUDY  OF  BAGASSE  DEHYDRATION 

C  Frank  Miller 
M-E-C  Company 
Neodesha,  Kansas 


ABSTSAi 


CT 


-s^=^  -    -e   that   time,    the  world,s 

thermodynamically  ^Js^ZllL^T^   U    the   P°te"tial   *° increasine  ^^  «»™  ^  most  mills 
or   elimination   o(   supple^^^Z^^      *»   ^^^"i^^'t^S^ 

reduce   the  moisture   of   the  W  ^^  manuf -turers   no^  offer  bagasse  71%      ^^   belng   avai^ble 

fixed   costs,    operating  cost,    ^f "   t0  mUCh   l0Wer   levels-      This   report   L7"   SyStemS  Which  can 
and   sole   source'  of  St!      ^   "*   ^^   °f   a   ^   rotary-dru^dryer   "inTnuf   ^  ^   ^   the 

y    *   using   flue   gases   as    the   primary 


INTRODUCTION 


gy-      Especially,    ls    this    true   in   the   sugar 

In    this   latt°r  c  Vf!   f™  ^"^    "  Produce   products  such^f™   °f   "TO1™*-"!   fuel   oil   „uraln. 

Products.  — ■  «-*»«.  Process   results   J  ^^^-.JS^SS^S'.SfS^ 

the   bagS\orShT™rClt«vS'°°?h?""  ""^^  *»<*"«■».   syste„s  which   can   red  k 

— .  -  capacity  of  a  ^E^  0^™^  St.^  S  "^  »"^£ 

"though  the  process  itself  .„   ,  ''"''^  ^  ^  S°U"e  °f  »*"  • 

Price  of  that  fuel^    "*"  °'  — »  -  the  ha8asse  i„  ^l^^ZlZ^t^"? 

The  purpose  of  this  report  w-M  1  k=  * 
P— rs  and  ho„  they  affect  the ^of S^^^^^  «  ^  — 

DISCUSSION 
The  return  on  investment  shall  kQ   - 

A.  Dryer  capacity  versus  oi-aoi,  „ 

B.  Increase  in  fi  .   f         gaS  temPerature 

C.  C^J^."  "-<»«-  °f  b*—  '"  «-  «  ruel  oil  eq„lv.len« 

D-  Operating  costs 

E.  Return  on  investment 
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A.  DRYER  CAPACITY  VERSUS  STACK  GAS  TEMPERATURE 

Drver  capacity  will  vary  from  manufacturer  to  manufacturer  depending  on  the  type  of  dryer  and 
efficiency  or'tne  system.   The  data  presented  in  this  report  is  hased  on  a  rotary  drum  dryer  12  feet 
in  diameter  by  72  feet  long,  as  illustrated  in  Figure  No.  1. 

Figure  No  2  is  a  graph  that  indicates  the  approximate  capacity  of  the  dryer  with  respect  to  dif- 
ferent Tack  gas  temperatures  (T.).  The  flow  rates  through  the  dryer  are  in  terms  of  bone  dry  bagasse 
to  Sminate  any  confusion  arisiAg  from  moisture  into  versus  moisture  out  of  the  dryer. 

The  graph  is  based  on  specific  design  parameters  which  approximate  existing  conditions  of  most 
tion  C»  "presented  by  the'absciss,  is  the  difference  bet.een  the  dryer  input  -oistnre  conten t  («t 

also  depends  on  the  temperature  of  the  stack  gas  at  the  dryer  inlet. 

B.  INCREASE  IN  HEAT  OF  COMBUSTION  OF  BAGASSE  IN  TERMS  OF  FUEL  OIL  EQUIVALENCE 

The  first  step  is  to  determine  the  net  difference  in  heat  of  combustion  of  the  bagasse  that  can 
be  obtained  from  the  reduction  in  moisture  content  (AM),  and  converted  into  ?%^J*JZ£%rt£ 
Ho  this   it  is  necessary  to  calculate  the  heat  of  combustion  of  the  bagasse  before  and  after  drying. 
Se  general  equaSon  for  determining  the  heat  of  combustion  (Q)  of  bagasse  is  included  m  the  appendix 
of  this  report. 

The  total  amount  of  heat  convertible  into  steam  must  allow  something  for  the  in «^«  *»  ££jr 
efficiency  as  a  result  of  burning  lower  moisture  bagasse.   This  is  assumed  to  be  at  least  5  percent 
for  a  moisture  reduction  of  10  percent  in  the  bagasse. 

Therefore  the  net  increase  in  heat  of  combustion  AQ  (BD) ,  for  bagasse  on  a  bone  dry  basis,  is 
equivalent  to: 

AQ  (BD)  =  Q  (BD)  (out)  -  Q  (BD)  (in) 

The  fuel  oil  equivalence  (E)  for  this  increase  in  usable  heat  of  combustion  which  can  be  converted 
into  steam  by  the  boiler,  and  expressed  in  terms  of  heavy  oil,  is  then  equal  to: 

_  AQ  (BD)  x  1.05  x  2000 
E  "        145,000 

Where  E  is  equivalent  gallons  of  heavy  oil  per  short  ton  (2000  lbs.)  of  bone  dry  bagasse  burned,  and  the 
oil  is  considered  as  having  a  heat  of  combustion  of  145,000  BTU  per  gallon. 


C.  COST  OF  DRYER  SYSTEM 


manu- 


The  actual  cost  of  a  dryer  system  will  vary  significantly  with  each  project   and  f rom  one 
facturer  to  another.   However,  for  this  report  the  total  installed  capital  cost  (C)  of  a  single  dryer 
system  is  estimated  to  be  $450,000.00.   This  cost  is  broken  down  as  follows: 

a)  Dryer  System $285,000.00 

(as  shown  in  Figure  No.  1) 

b)  Crating  and  Freight 10,000.00 

c)  Conveyors  and  Stack  Gas  Ducts 60,000.00 

(can  vary  greatly) 

d)  Installation •   95,000.00 

$450,000.00 
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BAGASSE   INIT.  MOIST.  -  50%  ( W.B.) 
STACK  GAS  REQ'D.»APPR0X.  130,000  A.CEM 
STACK  GAS  ABSOLUTE  MOIST  »  8% 
STACK  GAS  TEMP  -  Ti 
DRYER  DISCH.  TEMP  (T2)«200°F 
ELEVATION- <I000  FT.  ABOVE  SEA  LEVEL 

HEAT  LOSS-  15% 


Ti-600°F 
Ti  -500°F 
Ti  -400°  F 


0  10  20  30  40  50  60 

PERCENT  REDUCTION  OF  BAGASSE  MOISTURE  (AM) 


Figure  2.   Approximate  capacity  of  one  model  1272  SNF  bagasse  dryer 


D.  OPERATING  COSTS 

The  operating  cost  of  a  single  dryer  system 
principle  factors.   These  factors  are  as  follows 


as  illustrated  in  Figure  No,  I    is  composed  of  two 


a)  Electrical  power 

b)  Operating  and  maintenance  labor  and  materials 


HP/HR  x  .7  service  factor  x  .7457  KWH/HP).   Then  the  cost  of  power  is  equal  to. 


(HP) 

(420  HP/HR  x 


C   =  220  KWH/HR  x  e  x  H 
P 


Where  e  =  cost  per  KWH  of  electricity 

H  =  Hours  per  year  dryer  system  is  in  operation 
The  amount  of  labor  required  to  operate  and  maintain  a  single  dryer  system  is  minimal.   The 
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estimated  values  for  operator  and  maintenance  labor  per  year  is  as  follows: 

a)  Operators     =  225  man  hours  per  year 

M  M  .  ,  (%   HR/shift  x  3  shifts  x  150  days/season) 

b)  Maintenance   =  675  man  hours  per  year  -        /season; 

=  So^fho^  pefyfi; x  15° days  +  45°  hours> 

per  ye^.00"  °f  ^^^    **  "^   «*  -placement  of  parts  is  assumed  to  be  approximately  $15,000 
Then  the  total  cost  of  operating  labor  and  maintenance  costs  (CJ    is  equal  to: 
Cm  =  [9.00  x  r]  +  $15,000 

Where  r  =  Cost  of  labor  per  hour  including  fringe  benefits. 
E.  RETURN  ON  INVESTMENT 

the  iXiS^1£1S£^(£^:  £*j  STLSS"  1 terms  of  years  r—  to  ™  ^ 

determinte  the  pay  back  years  is  then?  precedes  determinations.   The  final  equation  to 


R  = 


(TxExHxC)-C   -  "C" 
o     p    n 


Where:   R    =  Years  to  pay  back  investment 

!     -  Capital  cost  of  investment 

=  Dryer  capacity  of  bone  dry  bagasse,  tons  per  hour  (2000  lbs/ton) 

~  ^^^^J^^T-™^   —  UL   heavy  oil 


burned  per  ton  of  bone  dry  bagasse  burned 
tQ   -  Cost  per  gallon  of  heavy  oil 


C    -  Total  cost  of  electrical  power  per  year 

il    -  Hours  per  year  dryer  system  is  in  operation 

Cost  per  year  of  maintenance  labor  and  materials 


C 

m 


SAMPLE  ANALYSIS  OF  DRYER  PERFORMANCE 

clarify  the  vatIous  relatlonshi^bet^in^r^Lition"   0"  '  "'   °*  ^   =»"«»»»  1=  "elp£ul  t„ 

the  temperature  of  the  stack  gas  (T  )   and  t    a!      States.   The  only  variables  allowed  to  change  are 
fixed  conditions  used  in  this^nalyiis  Irs   as  follows:    m°1StUre  r6dUCti°n  *"  "»  ^^    (AM>  ■  ^ 


Dryer  size  =  As  shown  in  Figure  No.  1 

Dry  capacity  (T)  =  As  shown  in  Figure  No.  2 

Ash  content  of  bagasse  (ASH)  =  5  percent 

Cost  of  electrical  power  (e)  =  $0.03  per  KWH 

Hours  dryer  operates  (H)  =  3600  hours  per  year 

Cost  of  labor  (r)  =  $10.00  per  man  hour 

Cost  of  heavy  fuel  oil  Cq  =  $0.30  per  gallon  (USA) 
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CORRECTION 


:   Page  153,  ASSCT  Proceedings  of  1978  Meeting 


EFFECT   ON   T    (TONS/HR) 

AM=10% 

AM=20% 

AM=30% 

Tl    = 

1*00°  F 

16.0 

10.5 

8.0 

FT 

=   It  00 
— -   500° 

Tl    = 

Tl    = 

500°  F 

23-5 

15.0 

11.5 

-  600u 

600°  F 

31.0 

19.5 

15-5 

Figure  3 


on  investment  (R) • 


turn 


CONCLUSIONS 

„  ta  this  report,  and  the  sample  analysis  support  numerous  conclusions. 
The  information  presented  in  this  report, 
These  conclusions  are  as  follows:  analyztag  the  economic 

justification  of  a  rotary  ary 
gas  as  the  sole  source  of  heat. 


The  sample  analysis  supports  the  following: 


b. 


sample  analysis  s>uhf"«-»°  wer 

in  excess  of  400  degrees  F. 

The  greatest  return  on  investment  j^*-*^  ]£  £Zl£*   55 

leisure  contents.  For  ^-""je^bajiBse^d ehy  ^  ^  produce  a  greater 

50%  bagasse  and  burned  m  ^e^oilers.  g  ^  soffie  intermediate  moisture 
return  on  investment  than  drying  all  oi 

between  20%  and  50%.  rature  the 
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reduction  ^\M)  has  on  dryer  capacity 
on  investment  (R) 


CONCLUSIONS 


The  information  presented  in  this  report,  and  the  sample  analysis  support  numerous  conclusions. 
These  conclusions  are  as  follows: 

1  The  text  of  this  report  describes  a  systematic  method  for  mal^;  '£  "f^ 
^stification  of  a  rotary  dryer  system  for  dehydrating  bagasse  usmg  boxler  stack 
gas  as  the  sole  source  of  heat. 

2  The  sample  analysis  supports  the  following: 

in  excess  of  400  degrees  F. 

Th„  neatest  return  on  investment  is  obtained  by  drying  less  bagasse  to  lower 


3. 


greater  the  return  on  investment  for   the  dryer  syst em.     ini     _  tempetat„re  of   the 

2L\£Sr£  rS^iS"^-^"  ^  erfSInc,  then  the  preheater. 
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APPENDIX 
GENERAL  EQUATION  FOR  DETERMINATION  OF  BAGASSE  HEAT  OF  COMBUSTION 

^In^^T^^^^^^   of  the  heat  of  combustion  of  bagasse 
Let: 

Heat  of  combustion  of  bone  dry  bagasse  =  8350  BTU/lb 

M.C.     -  Moisture  content  of  bagasse 

Ash     =  Ash  and  non-combustible  content 

S      I  u°tal  h6at  °f  combustion  °f  bagasse  as  burned 

The  net  heat  av,llable  (Q)  ls  then  equIvale„t  „  th,  ^  heat  Qf  ^^  (QI)  ^  ^ 

Q  =  Qi  -  Qm 
Then  Qi  =  8350  BTU/lb  (1-M.C.  -  Ash) 
Then  Qm  =  M.C.  x  AH 


sses  Qm: 


water  vapor  at  T  temperature. 


from  boiler  air  preheater 

Qm  =  M.C.  (H.  -  H  ,) 
1    pi 

Common  values  of  enthalpy  for  saturated  liquid  water  are  as  follows: 


^fe.^enthaiPyof  ^urated  water  liquid  at  T   and  superheated 

iture.  P1 

Tpl  =  Temperature  of  moisture  in  bagasse  being  fed  into  boiler 
Tj  =  Temperature  of  combustion  gases  and 


water  vapor  discharged 


Ip_L 


Hpl  ~  Values  of  enthalpy  for  saturated 
liquid  BTU/lb 


60°F 

80°F 

100°F 


28 
48 
68 


Common  values  of  enthalpy  for  superheated  water  vapor  at 


are  as  follows 


apor  at  pressures  assumed  near  atmospheric  conditic 


300°F 
400°F 
500°F 
600  °F 
700°F 
800°F 


Hj  -  Values  of  enthalpy  for  water 
vapor 

BTU/lb 

1193 

1240 

1287 

1335 

1384 

1433 


Then 


Q  =  Qi  -  Qm 


Q  =  [8350  x  (1.0-M.C.  -  Ash)]    -  M.C.  (H  -  H  ) 

1    pi 
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Therefore,  the  net  heat  of  combus 

as  burned  (AB)  weight  of  the  bagasse  is  then: 


tion  for  bagasse  of  varying  moisture  and  ash  content,  and  based  on  the 


Q  (AB)  =  8350  (1.0  -  M.C.  -  Ash)  -  M.C.  (^  -  Hpl) 


The  «  M  of  coition  .or  oaSaS=e  of  ,aryl„8  ■*..»  -  ^   —*.  -  »—  »  *"  ^  ^ 

(BD)  weight  of  the  bagasse  is  then: 


[8350  (1.0  -  M.C.  -  Ash)]  -  M.C.  (H  -  H  ) 
Q  (BD)  -^ .  _-—  -  i 


1.0  -  M.C. 


Where:   M.C.  =  Moisture  content  of  bagasse  being  burned,  Percent  i  100. 

Ash  =  Ash  and  non-combustibles,  percent  4-  100. 

H  =  Enthalpy  of  saturated  liquid  water  at  temperature  Tpl 

H  =  Enthalpy  of  superheated  water  vapor  at  temperature  T^ 
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BIOMASS  AND  SUCROSE  PRODUCTION  IN  SUGAR  CANE- 
I.   DIVERGENT  SELECTION  STRATEGIES 

R.  D.  Breaux  and  B.  L.  Legendre 
U.  S.  Sugar  Cane  Field  Laboratory,  USDA 
Science  and  Education  Administration 
Houma,  Louisiana 
(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

dl^e^r^^rrr^rStfS^suga^  Sctio^o^   V/    <?t  '«  "^"  P" 

and   total   solids   per  hectare   replace   La  I        T      S°1±dS    (fiber  +  Brl*>    Percent   cane 

components  were  measured   in  30  clones  efch  oTan T     BC      T*  ?T  ^^     m   th6Se  yield 
spontaneum  US   56-158  bred   to  commercial-type   sugar   canes!        '  *"  ^   Pr°genies   of  I- 

mercial   varieties   resulted   in  a   sharn   rpl!"  f        3   Pro8enies-      Backcrossing   to  com- 

the  BCi  progeny  and  a  more  graLl  redStion'inlotal        v*'"""   °f  CaM  P6r  heCtare   in 
sugar   per  hectare    increased  with   thetfl^i  ..S°hdS  Percent   cane  •      The  yield   of 


OVERWINTERING   SUGAR  CANE  BORER  POPULATIONS   IN  TEXAS,    1977-1978 

T.    W.    Fuchs 
Texas  Agricultural   Experiment   Station 
Weslaco,    Texas 

GrandeXlle"0^3  ^during   1977   ^This  ~~  SgSF*S>    ~"  "^  ^   ^   ^  «° 
8,000  acres   of   unharvested   sSga -cane   from  the  HIT     *   *"   t0   the   car^0^   of   approximately 
insecticide  used  by  producers^   the  1  w"r Ld'sSr  LT"?:  ^   ^   f^  ^^   °f 
chosen  at   random  were   sampled   to   estimate    the  n,,™w      f  harvested   sugar  cane   fields 

remaining   in  fields  after   the   197?!  harvest        1 1\,   °Ve™terin8   su8"   cane  borer   larvae 
per  acre.      One-third    (33.3   percent)    of    the   E™?  <    ^dxcated  an  average   of   356   larvae 

percent)    in   trash   left   by  harvesters        Data   f™        Tl*      Td   in   stubbles  and   two-thirds    (66.7 
mortality  of   sugar  cane  borerloverwinterin,   T  StUdleS   dfsiSned   *°   determine   the  percent 
mortality  occurred   during   the \£S  of  1977-l"78  indicated   that  no   significant 

POTENTIAL   CYTOGENETIC  APPROACH   IN    SUGAR   CANE   BREEDING 

Bikram  S.    Gill 

University   of   Florida 

Agricultural  Research  and  Education  Center 

Belle   Glade,    Florida 

plantTIp°ecCSs?PtFir:t:   X"£oSS£  chT  ^   ^f^   analysis   of   genome    in  polyploid 
single  major  gene.      In   the  absence   l?^?0""*   ??*?*   ta  &  P^^lold   is   controlled  by  a 
I  of  meiosis.      Secondly      in  hybrids   involving '   ^"S^   f™tion   occurs  during  metaphase 
some  pairing  gene)   with   related  gfnera      inteLenom   ^  \        "^    (wMch   ±8  miSSlng   the   chr°— 
a  mutation    (possibly  a   deletion)    of   thl   ^"S611011110   chromosome  pairing  also   occurs.      In  wheat, 
from  genera  as   far   removed  a     |L^yron  tlrvT^X^  ^  *"'  ^  USed   t0   transfer   *»« 
research    in   sugar   cane   to   elucifeffS  genetic   control   of   S  "^  "^  **  ^   Cyt°gene "C 
use   in   intergeneric   gene   transfers        Some  otW   ~        ?     f   chromosome   pairing  and  explicate   its 
to  be   explored   for  possible  applet ion^n  sugar  ca^TbrlelinT   *  Chr°m°S°rae   Cyt0l°8y  3lS°  need 
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SCREENING  FOR  RESISTANCE  TO  RATOON  STUNTING  DISEASE-INJURY; 
SCRE        the  ENZYME-LINKED  IMMUNOSORBENT  ASSAY 

A  G.  Gillaspie,  Jr.,  and  R.  W.  Harris 

USDA  Science  and  Education  Administration 

Beltsville,  Agricultural  Research  Center 

Beltsville,  Maryland 

The  microplate  method  of  enzyme-linked  xmmunoso -ent  assay  (EEISA)  «^£%£* 
greenhouse  and  laboratory  tests,  between  clone   that  «e  susc^  ^  &   large_scale    eening 
stunting  disease  (RSD)  injury.   ™e/"™  J"*"1?!  °        in  the  laboratory  tests.   Wells  of  a 
program  if  it  works  as  well  in  f^eld ^sts  as  xt  does  xn  the         ^  ^  antibodies  to 
polystyrene  microplate  are  coated  with  a  gamma  gl °^  ^epa   the  wells  and  are  incubated 
the  RSD-associated  bacterium.   Juxce  samples  are  then  gacefl  attached  to  the  well 

for  three  hours  at  37°  C.  ^^\^CU\^Z[±1%Z^   globulin,  coupled  with  an  enzyme,  such 
surface.  After  the  wells  are  wash ed,  thean   RSD  g     g     .ncubated  at  room  temperature  for 
as  alkaline  phosphatase  xs  placed  xn  the  wells,  the  P  the  bacteria.   Following  a 

one  hour  at  37°  C  so  that  the  7^      .  J f   x percent  Tween  20,  the  substrate  for  the 
thorough  rinse  with  physxologxcal  saline  co^axnxng  U   P       temperature  for  one  hour,  and 
enzyme  is  placed  in  the  wells,  the  plates  are  -^ubated  at  ro      J     f  he  color  development 
the^olor  formation  is  stopped  with  3M  sodxum  hydr oxxde ;   ^  ^ntensxty  Susceptible 

in  the  ELISA  test  is  directly  -lated  to  the  number  of  bacter  a  pr esent^  thanPreslstant  clones 
clones  have  been  reported  to  contain  a  higher  number  ot    ^       The  EISA  test  wlll  detect 
and  this  makes  possible  the  use  of  ELISA  as  ^  screening  tec*  q       bacterla  per  milliliter  or 
the  RSD-associated  bacterium  down  to  a  concentration  of  about 
about  3  bacteria/phase  contrast  microscope  f xeld. 

CLOSE  ROW-SPACING  AND  SUGAR  CANE  YIELD 

J.  E.  Irvine  and  R.  J.  Matherne 

U.  S.  Sugar  Cane  Field  Laboratory,  USDA 

Science  and  Education  Administration 

Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

Field  plots  with  inter-row  spacings  «f  61  centimeters  91  cen tj™-  ^^ST 
with  a  single  drill,  and  183  centimeters  with  a /^^^^^Jeation,  either  as  a  solid  or 
design;  the  main  effects  varied  **»£;»'***£  '"J  Planted  in  the  fall  of  1976  on  level 
in  aqueous  solution.   The  sugar  cane  varxety  CP  65  M,   w   p  inciuded  population  counts, 

,  j   i-;,,^  „r,M-1  harvest  in  December;  June  populations 

Stalk  populations  were  highest  in  June  an  decide  unt ££™f       to  92>000  for  the 

for  the  61-centimeter  spacing  P^J^^'^^fa  maximum  in  September,  when  the  ratio  of  leaf 

standard  183-centimeter  spacing.  Leaf  area  J"™       single-drill  spacings  were  5.66  and  2  76, 

to  land  area  for  the  61-centimeter  and  the  ^-centtoeter  s^g  ^       y±e    f<jr  61_ 

NARROW-ROW  SPACING  OF  SWEET  SORGHUM  IN  OHIO 

W  T.  Lawhon  and  Stephen  Kresovich 
Battelle-Columbus  Laboratories,  Columbus,  Ohio 

ess  =s JTSiS-  ir^sis  -, — .  *-«  — *  -  •  —  - 

energy,  particularly  in  the  Midwest  U.  S. 

A  demonstration  was  performed  at  Columbus  Ohio  ■  *  tjj^j—  £  ^.^gene^l  results 
of  which  indicate  that  sweet  sorghum  can  be  grown  xn  the  ^  Sart  variety 

rest  of  the  sweet  sorghum  productxon  regxons.  At  the  u.d  me 
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"vheel"-type  placing  arrangements.  '     "  P"  he««e,  based  on  projections  from 

a»n  ^JS^SS^LS^J^  ^^SuL^J1""^  -™ «~  —  1™ 
««,  rarletle8  „  s„eet  sorgno,,  o„er  a  possS^,^  ^"p^T^t^. 

BIOMASS  AND  SUCROSE  PRODUCTION  IN  SUGAR  CANE- 
II.   ASSOCIATION  WITH  YIELD  COMPONENTS 

B.  L.  Legendre  and  R.  D.  Breaux 
U.  S.  Sugar  Cane  Field  Laboratory,  USDA 
Science  and  Education  Administration 
Houma,  Louisiana 
(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

types  of  sugar  cane.   Both  total  solids  ^  [I      ~  ^^aneum  US  56-158  bred  to  commercial 
associated  with  tonnes  of  cane  per  hectare  for  *11  C°mp°nent>  and  su8*r  P«  hectare  were  highly 
positively  associated  with  sugar  per  tonne  of  cane  ^ZTl    ^l™1™*-      S^ar  P«  hectare™ 
sugar  per  tonne  when  all  generations  weTrl   !"  ».  dS  W6re  ne8atively  associated  with 

solids  with  sugar  per  ta^^^^^^^^^^^^^   ™  association  of  total 
percent  cane,  but,  within  a  progeny  generation   c„«      £  W6re  associated  with  fiber 

total  solids  were  associated  wi^ar^r  hectarf  InTL^"  ™°   T '   In  'U  Stations, 
per  hectare.   Despite  these  association/ er  hectare  and  both  were  associated  with  tonnes  of  cane 
-  cane  „,e  on  «-„  an,  ^S^^^SS^^^^^-  -"  ~  ^ 

FUELS  FROM  SUGAR  CROPS:  STATUS  AND  PROSPECTS 

E.  S.  Lipinsky 
Battelle-Columbus  Laboratories 

Columbus,  Ohio 

which  started  in  1975  is  making  pro  JrSs  in  reducine  rl   ^^  Department  °f  Energy  program 
of  sugar  cane  and  sweet  sorghum,  the  use  of  Tilbv  rfn    material  Costs  through  narrow-row  spacing 
ysis  and  improvements  in  fermentation  processes   £E  nSfParat0r'  new  methods  of  cellulose  hydrol? 
oral  and  processing  technologies  that  relate  to" uS  S2l   T!-'  ™  ^^  °f  ^  a8ric-lt- 
sugar  crop  growers,  processors  and  fuel  consul ^  are  discussed    "^   P°tential  ^CtS   ™ 

BREEDING  FOR  AND  SELECTING  SUGAR  CANE 
GENOTYPES  THAT  RESPOND  TO  "RIPENERS" 

F.  A.  Martin 

Louisiana  Agricultural   Experiment   Station 

Louisiana  State     Uiversity 

Baton  Rouge,   Louisiana 

sugar   per   tonne  and   sugar  per  acre  were   determined     ^t   I        f  glyphosine   on   stalk  weight, 

for   the   three  yield   components.      Of  particular   intre^      8e™tyPlc   variation   of   response  was   observed 
(from  positive   to  negative)    that   wf s^pparentlv  a^s"Lte7with   TK   °*   "*  ^^   °U   8talk  Welght 
crosses  which  yield  high   frequencies  o     D  L  genotypic   variation.      The   fact    that 

breeding  and   selection^ or  rlTZslVo   IlZllXlTelTt ZZ&ZT'  ""  "'   "^"^   ^  "^ 
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THE  POTENTIAL  OF  THE  SACCHARUM  COMPLEX 
FOR  THE  PRODUCTION  OF  FIBER 

F.  A.  Martin  and  M.  J.  Giamalva 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  Louisiana 

The  possibility  of  using  Plants  within  the  fg^  ^'^EfSTta  techno-  I 

is  explored.   It  is  proposed  that  >"?»««"  »^°  "^  ^y  be'l.ss  complicated  than  the 
^Sn*Sar.tie  ^Cre.0l^i^rvaStions  in^ailable  yieid  in  reiati.n  to 

possible  uses  is  also  discussed. 

RELATION  OF  POLLEN  AND  PISTIL  CHARACTERISTICS 
IN  SETTING  OF  TRUE  SEED  IN  SUGAR  CANE  CROSSES 

S.  Nagatomi 

Tanegashima  Branch,  Kyushu  Agricultural  Experiment  Station 

M.A.F.  Nishinoomote,  Kagoshima,  Japan,  and 

P.  H.  Dunckelman 

U  S.  Sugar  Cane  Field  Laboratory,  USDA 

Science  and  Education  Administration,  Houma,  Louisiana 

(In  cooperation  with  the  Louisiana  Agricultural  Experiment  Station) 

A  study  of  the  association  between  seed  set  in  sugar  can, ;  crc ,sse J-d^conditio^of  ^he 
floral  organs  was  made  in  Houma,  Louisiana   A  posi "ve  ^orreXa  nobiilzed  the  gener- 

generations  and  the  size  and  variability  of  pollen  8™ ins.   1   J     ±°creased  exponentially 
Lion,  the  larger  and  more  variable  were  the  pol  1-  grains   Jed  set  ^ 

with  pollen  maturity  and  was  closely  associated  with  anther £*£  when  60  percent  or 

in  the  male  parent.  Better  seed  set  can  be  expected  in  ^erspeci  ^  ^ 

more  of  the  pollen  grains  of  male  parent s  J«££^  *  ^^was  apparently  influenced 
J^T^SS  StrerthaXSpollLinmaturity  or  stigma  extension.   Specific  technics 
for  making  intergeneric  crosses  are  suggested. 

WINTER  AND  SPRING  PHOTOPERIODIC  INDUCTION  FOR 
SYNCRONIZING  FLOWERING  IN  SUGAR  CANE 

Elias  D.  Paliatseas 

Department  of  Plant  Pathology 

Louisiana  Agricultural  Experiment  Station 

Louisiana  State  University 

Baton  Rouge,  Louisiana 

Thirty-two  varieties  of  sugar  cane  were  grown  £  the  jreeah ouse  in  the  fall  of ^V.^to 
ten  stalks  from  each  of  these,  depending  on  the  availa xty  of  mature ,  s   ^  ^^  ^  ^ 

October  15,  1977,  through  January  15,  1978.   When  the  roots  f  ^  gand 

transplanted  into  10-gallon  galvanized  cans  f ^leJj"h  a^f  ^  first  group  consisted  of  10 
(3:2:1).   Then,  the  32  varieties  were  J-xded  »  three^groaps   The^  J^   P^^ 
varieties  which  were  transferred  into  the  P^stic  greenno        *  -    d  under  photoperiod  treat- 

treatment  on  November  20,  1977.  The  second  gro up  of  10  var i    ^    treatments  on  February  10, 

""^Ten^or1^^^^ 

STSJrSi  o^arlecies9 ^  S*^S  ^indnftiie  period  treatment. 

•    ivi„   ^r,  Mamh    30      1978      in   five  varieties  belonging   to   the   first 
Signs   of   flowering  were  visible   on  March   30,    19/8,    xn      i  ±eties   from  the  first   group 

group.      These  varieties  will  probably   JJ«  **£•    ^   t^  Sdlle  and   late   summer.      This  will 
and  from  the   second  and   third   group  will  probably   fl°we^Vid   summer   fiOWering  cold-resistant 
enable   the   crossing   of    these  varieties  with  some  early  and  ^-summer   flowe        g  ^^   ^ 

Saccharum  sp^ntaneum  L .    clones,    especially  US   60-46  and  US  61  21.      This  w P 
the  transmission  of   some  cold  resistance   into   the  commercial   sugar  cane 
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KNOWN  DISTRIBUTION  OF  THE  IMPORTED  FIRE  ANT 

S0LENPSIS  INVICTIA  BUREN  IN  FLORIDA  SUGAR  CANE  FIELDS- 

BENEFIT  OR  PROBLEM  FOR  THE  FUTURE 

Jerry  Prewitt 
United  States  Sugar  Corporation,  Clewiston,  Florida 
Ralph  Brown 
Florida  Department  of  Agriculture 
Division  of  Plant  Industry,  Gainesville,  Florida 
T.  L.  Carpenter 
South  Bay  Growers,  Inc.,  South  Bay,  Florida 
G.  B.  Powell 
Gulf  +  Western  Food  Products  Co.,  South  Bay,  Florida,  and 
T.  E.  Summers 
USDA,  Science  and  Education  Administration 
Canal  Point,  Florida 

Hi.  limits  of  observed  inrestftloos   d   .^    t,  observed  in  1976,  but  „ere  „ot  reported, 
tbe  sugar  c.„e  borer  J  tbe   e  fee  as  estruc  „ «  oTl "f  °  ?*   "™  ""  "  *™<*C°"   °f 
=aoe  fields  are  disoussed.  Tb.  proble.s  2SSS  bj  f ield^L^Tare^eporter  "   -" 

NARROW  ROW  SPACINGS  OF  SWEET  SORGHUM  IN  TEXAS 

Sim  A.  Reeves,  Jr. 
Texas  Agricultural  Experiment  Station 
Weslaco,  Texas 
B.  A.  Smith 
USDA,  Science  and  Education  Administration 
Food  Crops  Laboratory 
Weslaco,  Texas 
and  B.  W.  Hipp 
Texas  Agricultural  Experiment  Station 
Dallas,  Texas 

alternate  source  of  enem   S  ,  ■  for  fermentation  into  ethyl  alcohol,  a  primary, 

this  study  and  planted  into  40^nd  27 XT    *  n°  "   "*  SyrUP  Var±ety  Sart  were  'elect^  for 
middle  of'the  seaso  In   the  strain  Ml  5^0  "which     '°  "^  ******'    **"   W3S  diSCarded  ln  the 
The  Rio  variety  grown  on  2^inch  rowf  nrS  ,  h  S     §r°Wlng  °n  27-inch  rOWS'  was  substituted, 
rows.   The  tota/dry  weight  proL'tT oV   M*  5   'HIT!   ^ield'ol  J^"  *"  ^  ^  "  ^"^ 
Rio,  with  8.69  tonnes  per  acre   Th„  t-„.-ai  *  Y  7"53  tonnes>  was  superior  to 

and  MN  1500  produced  tT^^.t^^"^'^^'^^  *  ""  ^  T^  "  "^ 
acre  for  Rio.  y  IXDer>  Wlth  8-y0  tonnes,  compared  to  3.72  tonnes  per 

METHODS  OF  PLANTING  SUGAR  CANE  IN  LOUISIANA 

R.  Ricaud,  B.  J.  Cochran  and  G.  W.  Newton 
Agronomy  and  Agricultural  Engineering  Departments 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  Louisiana 

the  ^S^^LSt^^^tSSSbStf?? of  type  arTidth  of  planting  f«™-  « 

and  multiple  drills   on   standard   rows   six   feet  wide"        L^T,   5?    tyP6S  °f   fUrrOWS  W6rS   Sln^le 
of    seed  cane   in   each   drill    spaced  Tl     1  I       J        multlPle   drills  were  planted  with   one   line 

drills  were   12,    24?   3     and  48    inches        For   e'eh        ,J       ^  ""^   °'   the   Slngle  and  multiPle 
types  of   furrow.     A   standard  vSurrow  with   1 V     f'    the   T"  am°Unt   °f   Seed  was  Planted   in  b°th 
each  method   of   planting   increased   to  a  ™,  I  dril\was  f  ed  as  «   check.      The  plant  population  with 

harvest   time   the   36-Jnfh  width  nrod.l^^T  ?  Y  Md  decreased   thereafter  until   October.      At 

with   increasing  widths   of  pU^Sf     sl^d      §  ^   '^^  P°Pulation>   and  Plant  height    increased 
than  with   the  wider  planting        Se  methods  TT\™S  T^  ^   the   V"furrow  and   24"inch  width 
width    of    planting   produced    Xe   hShest    total   biomas    ^   ^     T   ""^   ^"^    SUCr°Se-      The    36"inch 
and  multiple   drills  produced   simSaTresu'lts   f or^widtVof   Stint"  ^  ^^      ™"   S^ 
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DETERMINATION  OF  NITRATE  AND  AMMONIUM  LOSSES 
BY  LIXIVIATION  IN  A  CULTIVATED  SUGAR  CANE  FIELD 

S.  Saldarriaga  A.,  E.  Paz-Vergara  P.  and  E.  Angulo  A. 

Institute  Central  de  Investigaciones  Azucareras 

Casa  Grande,  Trujillo,  Peru 

An  experiment  was  carried  out  ?^^^^£^   5  J^S^ 
medium  to  moderately  fine  texture  located  on  the  ™=f*  kilograms  of  N  per  hectare 

planted  with  sugar  cane  cultivar  H  32-856 0,  f«*£JJ  ^   deterinining  the 

and  harvested  at  21.1  months  of  age   It  was  ^s^e*  f     ./^  drainage  water.  After 
nitrate  (N03-N)  and  ^Wj^^^  losses  than  losses  of 
evaluating  the  results,  it  is  found  that  there  are  grea  presented.  Accordxng 

ammonium.   Moreover,  a  method  to  f  ^-J  th*  ^ Ve  base  flow  of  drainage,  there  is  a  loss 

INFLUENCE  OF  NITROGEN  APPLICATION  ME ™0DS 
AND  UREA  SOURCES  ON  THE  RESPONSE  OF  TWO  SUGAR  CANE  CULTIVARS 

S  Saldarriaga  A.  and  M.  Feijoo  A. 
Institute  Central  de  Investigaciones  Azucareras 
Casa  Grande,  Trujillo,  Peru 

An  experiment  was  conducted  in  a  calcareous  alluvial  soil,  located  ataman  ^Plantation, 
Chancay  River  Valley,  on  the  arid  ™^*™ZfJ*ol^   two  urea  sources  on  the  response  of  two 
studying  the  influence  of  three  N  ™^^£*£ it  is  find  that  the  top  dressing  application 
sugar  cane  cultivars.  After  evaluating  «e_ results,  "         significantly  exceed  in  cane  yields 
onSdry  soil  with  immediate  irrigation  and  ^urxed  applicatxo n  sign!       y        ^  ^    ^ 
(tonnes  per  hectare)  and  recoverable  sugar  ^^^P"^ 50-7 209  significantly  exceed  in  cane  and 
^^tt&~~>2&~   Snif  Srditffrences  wefe  found  between  the  national  and 
European  ureas. 

WEED  CONTROL  SYSTEMS  IN  TEXAS  SUGAR  CANE 

Andrew  W.  Scott,  Jr. 

Rio  Farms,  Inc.,  Monte  Alto,  Texas  and 

Sim  A.  Reeves,  Jr. 

Texas  A  &  M  Experiment  Station 

Weslaco,  Texas 

During  the  five  years  of  sugar  cane  *^^*^£?ZZ^?   SSlS^ 
weed-control  systems  have  been  developed  f °r  ^^^  ^ovemoer,  and  the  majority  of  all 
accomplished,  with  few  exceptions,   ™\  ^"f^^^g   ^is  application  is  applied  broadcast 
plant  cane  receives  a  herbicide  application  at  P^nting^  l   theJPusually  treated  with  a  lay-by 
or  band  pre-emergence  or  band  post-emergence   P^^lSy  of  Texas  is  harvested  from  mid- 
herbicide  in  the  spring.   Sugar  cane  in  the  Rio  Grande  Val  y         developed  to  fit  the  time 

have  also  been  developed. 
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WATER  QUALITY  STUDIES  IN  THE  EVERGLADES  AGRICULTURAL  AREA 
D,   .  Earl  E.  Shannon 

Black,  Crow  &  Eidness/CH2  M  Hill,  Gainesville,  Florida,  and 
Fred  E.  Davis 
South  Florida  Water  Management  District 
West  Palm  Beach,  Florida 

SepteSeT  ^l^S^^^l  ™   «J^  '«  *.  period  or  July,  1976.  to 

in  the  Everglades  Agricultural  Area  S  FlorS    Si^f   T*'  V6getable  and  imP™ved  pasture) 
Phosphorus  and  water  for  each  site  JlrJLZt        ,,  Slf lflcant  sources  and  sinks  of  nitrogen, 

included  bulk  Precipitationfflr^lIL"^    I  mineral"  i^and^  'T  S^  ■*""  ^^ 
The  nutrient  sinks  considered  were  drainaee  JirT  h  nitrification,  and  irrigation. 

Water  losses  due  to  evapotranspirati™  and  drained  "J*"*6-  ."^  exPort  a"d  denitrif  ication . 
and  irrigation  were  continuously  monitored   Nitron   T  ^^  lnpUtS  from  Precipitation 
are  presented.   Nitrogen  and  phLphoS^id^'Src^rJo^v^'T68  **  ^  ^"^^ 
for  agricultural  operations  on  organic  soils.        spared  to  previously  reported  loadings 

PRODUCING  HIGH-QUALITY  CANE  FROM 
THE  CHOPPER  (OR  COMBINE)  TYPE  HARVESTER 

_  ,  Frank  Smith 

Toft  Bros.  Industries,  Ltd.,  Bundaberg,  Queensland,  Australia 

» Jissg  ssrs^issss  r^s  "lis*-"-  '„  -» -~  -  *■  -« 

type  harvesting  leads  to  the  establishment   f?         f  CaS6S'  the  induction  of  chopper- 
sugar  production,  from  planting  throuS  cultivation7  T   °f  Standards  in  "»«  aspects  of  cane 
harvesting  is  usually  introduced  to  offset  a  n^er' of arv;8t™8  »d  mill-§-   The  chopper-type 
much  a  part  of  the  industry  over  the  past  decadet   f  "ndesllrable  trends  that  have  become  very 
the  increasing  unavailability  of  sufficient  manual  l!bor ?  b   ^  °f  ?68e  Pr°blemS  ±S'  °f  COU-e> 
is  the  need  to  maintain  control  of  rising  co"s  a  fact    f    ^  •  ^  "^   C°Upled  with  this 
three  years,  when  world  sugar  prices  W  been  so  low        Prim6  ±mp°rtance  in  the  last  two  or 

chopp^haTstS1  UST^dScSLSlrSStl  hl8h-qUali^  Ch°PP*d  «-  '«■  -  typical 
supplying  clean,  sound  cane  to  th  sugar  mill    Tt  S  ""^  3n.aWareness  of  the  requirement  of 
of  the  systems  involved  in  the  harvesting  and' loading  "^  "VT  det&il  the  Vari°US  factions 
have  on  the  quality  of  cane  delivered  to  the  mill  '  ^  ^  lnfluence  these  practices 

FIELD  EVALUATION  OF  INSECTICIDES  FOR  CONTROT 
OF  TUE  WHITE  GRUB  BOTHYNUS  SUBTROPICUS  IN  FL^MSUGAR  CANE 

T.  E.  Summers  and  M.  G.  Bell 

USDA,  Science  and  Education  Administration 

Canal  Point,  Florida,  and 

n  -,Je/ly   Prewltt,  D.  G.  Holder  and  J.  D.  Stacy 

United  States  Sugar  Corporation,  Clewiston,  Florida 

B^-nowed^^  ^rvae  of  Bothynus  subtropicus 

when  applied  in  this  manner.  ^iJ^^t^Zl^lf^™   ^  ' on^55^  bTrfffee 
tests  using  one  or  more  of  the  following   ZL       r    ^  subsequently  included  in  field 
conventional  method  used  for  wireworm^ontrS  ao^lf  1±Catl°n:  applied  at  planting  time  in  the 
harvest;  metered  into  water  bSg  puled  So'stubbS  »?T  Y  ^  "  *  ^*X>    following 

in  the  center  of  the  stubble  row  bHechanical  coulter^  £V       l??*  **?  *   SpUt  °V&n±^   made 
at  or  near  time  of  emerging  female  adults  „  h     T\  ^l^   Z°   the  baSe  °f  Srow±nS  Plants 

a  rolling  tillivator.   ?he  last  method  u^S  ?  •  V^   *"  °f  S0±1  thrOWn  °Ver  the  -aterial  by 
proper  time  of  application,  appears  to'be  thf   ^   *T   "  attractant  boards  to  determine  the 
short-lasting  insecticides'available  in  a  ^a^ror^^?^  °f  successfully  using  the 
control  methods  for  the  control  of  this  and   allied  5m?   ^  a1^  involves  cultural  and  biological 
sugar  cane- fields.  d  alUed  S011  pests  ln  the  highly  organic  soils  of  Florida 
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HIGH-PRESSURE  LIQUIDE  CHROMATOGRAPHY  (HLPC) 
AND  THE  ANALYSIS  OP  SUGARS 

Luis  E.  Vidaurreta 

Department  of  Chemistry 

Louisiana  State  University,  Baton  Rouge,  Louisiana 

Institute  at  Louisiana  State  University. 

EFFECTS  OF  SUGAR  CANE  MOSAIC  VIRUS  ON  SUGAR  CANE  IN  SOUTH  TEXAS 

Ben  Villalon 

Texas  Agricultural  Experiment  Station 

Weslaco,  Texas 

were  found  between  healthy  end  """"^'""l'1*""  °Ltory  oalcolaced  yields   Average  yield 
^Vjr.S^r^S.^TrS^S  Plant-r/and  U..7  parent  In  first-ratoon 
crops. 

ANALYSIS  OF  SUGAR  CANE  SACCHARIDES  BY  LIQUID  CHROMATOGRAPHY 

J.  Wong-Chong  and  F.  A.  Martin 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 

.he  application  of  «+£-££>£ £SS3Tfi £ *£  ^S^r^^^'"' 

good  reproducibility  of    the   results. 

Mnddy  samples  need  only  be  clarified  by  """""^tion  and  deionized  In  a  vary  staple 
ITS^  -^12^^^^  SSS'-SSi  adverse  affects  on  the 

column-packing  material. 
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TILBY  JUICE  EXTRACTION   SYSTEM 

Theodore  A.   Anderson 
Andercane,    Inc.,    Pahokee,    Florida 

uncru^dllb^Lan  ptn^nLh^ta^  Z^f  ^  -  ~'   ~<-  are  obtaining 
sorghum),   and   the  epidermis  of   the  cane     which       na  ^^   °f   the  julce   in  cane  *nd 

equipment   cuts   the   stalks   in  half  longi^uSallv     2         """       t  tMS   SyStem'    the   separator 
epidermis  from  the   rind.      Through  a   diffusion  J'  **?  ^   ^  P±th'    and   scraPes   the 

Pith  and   sugar  is  washed  out   "the   fiber       ^11     T'    **  8U8"  JU±Ce   ±S  -tracted  from  the 
nated   sugar  juice,   plus   clean  desugare! ^  pithed 'fiSrf^tT  LTco^t.  ^^V  *™  uncontami- 

(the  C-10  Model)    can  procLs^ton     tr  hour  Tt^V"*  ^^^   F1°r±da-      ^  ^   *  «^ 
are  focusing  on   the  detrashlng   system     which   is  e        Tf  "^ "      CUrrent   devel°P*ental  efforts 
equipment.  g   system'   ^"h   "  essential   to  the  efficiency  of   the   separator 

has  iS"Jftott.SrS2'82d-SSSd^BIt"3^1E  Telvin8  rortant  at"  «»  p^h 

Juice  has  been  extracted  from  the  pSh  and  tested  £  th  ?T  ensmSed  for  future  cattle  feed, 
fiber  has  been  tested  by  paper  companies  1  ™S  JV  *  laboratories  of  sugar  mills.  The  cane 
thick,  to  compete  with  plywood.    P  "^  ^  four-foot  by  eight-foot  panels,  0.5-inch 

--^r^^^  rcies  °f  sugar  —  -  «*■—•< 

presses   for  processing   the  fiber   into  boards  which  win  ^     ^   "^  JUiCe  from  the  P±th-     ^ew 

tested.      Tests  are  being  made   to   evaluaS   rh*  T^*   *"   the  hardwood  *arket  will  be 

appeared   so   far   to   slowdown   the°   Z^t^ToZlTl!  iLTLr^ZZT/      "°  *""'  ^ 

THE   PRESENCE   OF   AMMONIA  AND   COPPER   IN   CONDENSATES 
AND  BOILER  FEEDWATER   IN  FLORIDA   SUGAR  MILLS 

Pedro  R.   Arellano  and  James   S.    Rauh 
Olin  Water   Services,    Miami,    Florida 

.ill/dX^m^^^^  samples   collected  at   several   Florida   sugar 

juice  heaters  and  vacuum  pans  reduced  tneS  he  t-t^S     Iff,        *"""  "*  T^**   ±U  evaP0-tors, 
copper   tubing,    and  contaminated   condensates  and  boiler   f*/    I  ^   CaUSed  corrosion   °*   the 

increasing  venting  of    the  process   e„ll      t  a  feedwater  with   copper.      The  authors   suggest 

and  ammonia   to  maximize  heat- tra  JTrl™Tci°lT   C°nCentrations   of  non-condensable   gases** 
copper   tubing.      W±th  less  plt™ %* T  *J "£ *»*-J> <"**  ammonia   levels  will   reduce  corrosion  of 
the   tubes   is   reduced  and   tMs  may   retard   2  raT  ?   '  tendency   for   deposits   to  adhere   to 

addition,    the   resulting   lower  Telels  o     c        e        n  ^at"transfer   ^ss   in   such   equipment.      In 

Potential  problems  associated  ££  copjer  S  boiLr^ter         "^   '"  ^^  fee*"ter  M  reduce 

THE  LOTUS   ROLL   -  A  NEW  CONCEPT   FOR   THE  MILLING   OF   SUGAR   CANE 

Jean  Bouvet 

Wen  Hsing  Machinery  &  Electronic  Industry  Corp. 

Kaohsiung,  Taiwan 

Formerly,  it  was  impossible  to  provide  an  eere«  fnr  th*   ~„  i   <= 
of  the  cane  blanket  entering  a  mill   ThiTiTirt  /  P    °f  SUg3r  Cane  luice   l***  on  top 

limited  the  grinding  rate  of  a  I'll"   a  T      t0  recirculate  within  the  blanket,  which 

available  to  perform  Sat  function   ThVT-  ^  °f  toP  roll»  the  Perforated  "Lotus  Roll,"  is  now 
a  number  of  peripheral^erf oration^  and  TT  T™'!*  ^  milllng  enterS  the  L°tUS  Rol{   throu8h 
rate  and  a  higher  extraction  are  expend from ST**  "J  ^  "^  °f  the  rtil"  A  Mgher  Srindin8 
mechanics  of  milling,  the  limitatS  J^LS     -^   "V*6  L°tUS  Ro11'   The  paper  discusses  the 
be  derived  from  the  Lotus  RoU  concept        "       *  *   Conventional  "H-  ™*   the  benefits  to 
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THE  TYPHOON  MASSECUITE  FILTER  -  A  NEW  CONCEPT 
IN  THE  PROCESSING  OF  MASSECUITE 

Jean  Bouvet 
Wen  Hsing  Machinery  &  Electronic  Industry  Corp. 
Kaohsiung,  Taiwan 

simple  and  requires  little  maintenance. 

4  RKTFV  ANALYSIS  OF  HOW  THE  FACTORY  HANDLED  THE  CANE 
EROM  TOE  ToS  MECHANIZED  CUTTING  OPERATIONS  AT  TALISMAN 

Tirso  M.  Carreja 

Talisman  Sugar  Cooperative 

Belle  Glade,  Florida 

According  to  the  experience  at  ^i^^^^^^'^r^^l-^Sl^Sl- 
cutttag  of  the  cane,  as  compared  with  cane  cut  ^ually,  did  not  ^  ^  fcy  ^ 

as  expected.   The  main  problem  encountered  was  with  the  soil  that  ^  rf  ^  factory 

mechanical  harvesters.   This  soil  affects,  ^^  °\*f^tion  to  these  problems  was  found  in 
thus  creating  many  problems.   After  many  experiments,  the  solution 
washing  the  cane  before  it  is  ground. 

THE  DETERMINATION  OF  ASH  IN  BAGASSE 

James  C.P.  Chen 

Southdown  Sugars,  Inc. 

Houma,  Louisiana 

The   determination   of   ash   in  bagasse  constitutes  a  problem  similar   to  ^^f^^T 
of  Pol   or  fiber   in  the  cane.      The  main  difficul  ty   "»£"  J  ^  ™e  results  of  analysis  can  be 
the  collection  of    sample  and   the  proper  way .f^^f^^o   independent  laboratories,   using 
reproduced.      After  a   series  of /omPa^f^tVtwo  conscientious  chemists,   a  method  has  finally 
exactly   the   same  procedure,   and  carried out  by   two  ^ie  between   two  laboratories  can  be 

been  developed  with  excellent   reproducibility.      Itie   airier 
consistently  within  0.5  percent. 


DESIGN  OF  LONG-TUBE  JUICE  HEATERS 

Juan  Prieto 

Miguel  Chinchilla  Varona  &  Associates,  Inc. 

Vero  Beach,  Florida 


.hen  expanding  the  capacity  of  a   sugar  ^^^^^^^^?^^Z  T 
account  and   it  has  been  found  that,   by  «•£«  Ijg"^  'ne^sLry   increase   in  heating   surface, 
approximately   the  same  floor  area  and   still  achieve  *££%£     *ressure  drop   on  the  tube   side; 
Other  considerations  taken   in  the  design  of    thes J  ^"g™  J£*   to  remove   scale.      The  results 
tube   length;   mechanical   specifications;   and   ^J  Periodic   cleanig 
of    the  operations   of    seven  units   in   two   different   factories 

THE  WASH  TABLE  IN  THE  LOUISIANA  CANE  FACTORY 

p.    F.    Triviz 
J&L/Honiron  Engineering  Company,    Inc. 
Jeanerette,  Louisiana 

Although  there   is  no  one  precise  or  fixed  standard  for   the  ^^^^S^^^S 
used  more  and  more   in  Louisiana,    there   is  an  a  r •""£**£££. u£  ^uisiana,    increases   the  overall 
is  harvested  and  loaded  mechanically,   as   is   the  current  practice   m 
efficiency  to  more  than  offset   its  cost  and  maintenance. 
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PRESIDENT'S   MESSAGE:      FLORIDA   DIVISION 

Joseph  R.    Orsenigo 

Director   of   Research 

Florida   Sugar   Cane   League,    Inc. 

Clewiston,    Florida 


During  a  visit   to  my   alma  mater   in   the   su^er  of    1963     I  was   incred ulcus,    if  not   shocked ^«  . 
former  professor   stated    that   "agriculture    is   becoming   a   dirt y  word       He  J°™££  »     wag   sengile.      B 
sides    in   future   years.      I  departed    the   ^™  P"1™.^^™^^' fencing   a  disquieting 
^nr^Sfnejr^ure  KS*  irSSt^^^f^S  collisions  with   today   and   with   tomorrow. 
Present   shock   is    the    threat    to   sugar    industry   survival   by   our   own   government. 

•    •      i         tsi,  mpssaee   relates    to    the   current   malaise   of    the   domestic   sugar    industry,    and 
of   sug^   rane:^TclticIli;;n8ourrearaeI::      Politics,    Prices,    Population,    and   Production. 

Politics   and  Prices  have  been   the   "Bobsey  Twins"  of    the   sugar  world    for  many   f ca^es   and    the^must 
he   considered    inseparable.      Sugar   crop   growers   ^^^^^^^^^V^ 
present,    since  Pr^^itics   "a   strange  segment^   the   domestic   sugar   picture.      The   cast   of   political 
prices   are  mediated  by     politics        a   J™8  *  growers   of   beets   and    includes   cane,    processors,    re- 

players    is   large   and   the   flux  «a  £f££»l   iSsLtures,    state   and   federal   departments,    and 

^rrad;inraiPstrS;  £S T^^^^lo^ iaAoreign   suppliers.      Plus,    in   latter   days,    the 
environmental    and    consumer  movements. 

For   some   40  years,    the  Jones-Costigan  Act,    with    its   subsequent    amendments,    in  detail L   and   in  name 
provided    reasonable   stability   to   domestic   and    foreign   sugar   supp   -s   and   prices  e   or  no      ost^to 

the   ultimate   consumer.      Each   segment   of    the   sugar   industry  had   specif £   ™P°"^        and  ;orking   conditions. 
generally  met.      The   domestic   grower  was   under   rest raints   "latingto   Consumers   were   afforded   a  reason- 
SThe   processors  had    access    **^^«   *£■£££  of f  ^  anfrefTea   sugar   and   of    three   con- 
fumL'ifem:  £*£   pa^ decadel^Gr^hMnes   trace   th'e   periods   pre-expiration   and   post-expiration  of    the 
U.S.    Sugar   Act    in   1974. 


■ 

■ 

I 
I 
11 


Figure 


PRICES  OF  RAW  AND  REFINED  SUGAR  AND  SUGAR-CONTAINING  CONSUMER  ITEMS 
FOR  A  DECADE  CENTERED  ON  THE  EXPIRATION  OF  THE  U.S.  SUGAR  ACT 


S1.44 


An   important   aspect   of   the   Sugar  Act   has   been  omitted    in   recent    legislative   m  ■  ™. 

States   exercised   considerable   persuasion   in   fnreian   r-oio+-  recent    legislative   discussions.      The  United 

sugar   quota  was   a   guarantee   of  'foreign  LLnge   In  f      /°^     *"*"   importation  *»t«.      A  U.S. 

or   larger,    quotas.      Allocation  of   quota  SficfencSs   offered    se      ^  '   ^  W±th   ^   °ther   f°r  better> 

import    quotas   Were   based    upon   U.  S  .  \onsumpt  lon^^ates!  ^sTl^Z^TllZ  ll^JZZlT^  '    ""  I 

1961,AnoSsef  Vlltirsytlinlel^tr^  ^nel^  ^T""  °?  ^^-e  *»  the  87th  Congress, 
Our  present  quota^yste.^seT^SLtgSJlo"  p^Tthe^arS ingTd^esV^Tf *%  ""*2'*«- 
through    that  mechanism,    the   attainment   of   certain   price   objectives        Sis  hi  and    foreign   sugar   and, 

of   insuring   a   steady   flow  of   supplies   and   a  high   degree   of   JtabUiiv     2i    I     «   ^P^ach  has    the   capability 
sugar   market    from    the    world   market."  stability,    which   effectively    isolates    the   U.S. 

The   particular  mechanism   selected   under   the   9i,oar   A^t-   „-,  ■    i  , 

sugar  was    traded   under   "international    conventions    "The  !i    especially   suitable,    since  most   of   the   world's 

market  was   characterized   by  widely  variable   an" ^  u^redict^l        ^      "   *'?**   ^   ^   ^^^   open  or  world 
"Free  Trade"   the   aforementioned   SpecLl   S   ud noted    that    "subs   ant   alV        PrlCeS'    ..In   &  ^^  6ntltled 
trade   policy,    including    "irregularity  of   .upJlS^Lul'S^^S'^SL    »°Se  ££*  T   &   H 
would   "drop    to   a   lower   level,    would   be   somewhat   variahle      an^    hL     '  perl0°s   °t    crisis,      the  price  of   sugar 

U.S.    sugar   position  since    1974?     Has   there   been   a   position   or   policy  since   1974?  describes    the 

columr^e^r^ci^r^^re^r'The^alue^f^L'^   SUCTSiVe    1r1S   °f   SU8ar   factions.      Several 
column   reflect   mo'dest   and    reasonab^sL   le        i  ^r  " tha!"   'vf  *"  ^n  '    ^    *'  ^    "^^  Prl« 

of    the   Sugar  Act.      The  column      "Index,    U.S.    Retail   S  Raw"  was   obtains h'   ^     L ^  ^   °f   ^   SXpiratlon 
by    the   corresponding    raw  price        The   overa  11    f«™       ■    !        *  ^T      by  dlvldln§    the    annual    retail   price 

1.69.      Ninety-four  perclnt   o ihe^nn™   Inaices      forll^f   33  ""'^   P"±0d    ^^    in   the   tab1'   is 

The    indices   suggest    a   general    factor    for   d^in ^retail    ^^^Tr^ s^T ^    1"9°- 

Stanl^CeL^^^  -th   a   common   event,    dumping. 

United   States    is    the   only    industrialized    countrvfn    ill  M      I  S        Industry   Technologists    that    "the 

domestic   sugar    industry.^     .rZlVfoT^TToll  h^Y^f^  i'teHy  JV'rS ine"^   °h    ^T^    ^ 
sugars   at   US   $0.07  per   pound.      These    transactions   ha„G  u    facilitated    by  U.S.    refiner  purchases   of   European 
the    shippers    of   US    $0    14   per   Bound  =    th!        ?  f  u        ?    f°ll0Wed    ^   E^opean   governmental    payments    to 

transactions   not  cou^itute  doping?  ^  °f   ^   ShlPPed   8ugar  n0t  US   $°'21   ^  P°-d?     ^   these 

^fiSL^'iJis^ssr^gie.1;  "Erss  s can  berjoyable-  Food  which  is  -»«*  «"^  * 

in  affluent  and  sophisticated  circumstances   One  fleet 7 Sthetl\sat^£^^   beyond  the  physical  need 
for  "convenience  foods,"  which  require  lit  tie  or  nn        ^     American  life  is  the  appeal  and  demand 
or  consumer.   A  second  'face is  tne  pro  i  eratlon  of  T'7        7'    "?  ^  "H"*"  aCtivit^  b?  the  housewife 
creasing  frequency  of  "    L  u"o  f    u    ^  nUmberS  °f   faSt  food"  chalns  and  the  in- 

0f  food?  but\e;oL^h:%^sTof^  may  rplain  about  the  high  cost 

paper  bag   at   a   take-out   window.      The   true  food        s     ma be        ,  1    T   °"   *      "^  TV"dinner   tray   or   in   a 

is   willing    to    pay    for    time    or    convenience.       Agr   cu   tuS   g   ew     h e7o ol     Zt'Si        *    "    ^    T"    ^   C°nSUmer 
nor    is   agriculture   responsible   for   prices    inflated    tbr^^^^i^^^^iriSr6""    I 

little   effort   was    required    to   drive-in  and   be   fed        t,  f  '  StlH   a   relative   bargain   and 

each    "farmer"   feeds   50  or  more  person^  on  th       Jerage       Lt° rf^Sr^   ^  ""T^  to    "P0*"1"    tbat 
much    of   our   population   from    the    chores    of    .Lwl!        a\  efflcient,    productive    agriculture   has    released 

service   occupations.      Only   three   percent    ofth      f  harvest"g   food   and    freed    people   for    industrial    and 

percent   of    that   food   production  derivef frn  American   Papulation   is    involved    in   food    production   and    90 

a   strong   agricultural  i  -I  ^      f   **?***   °'    ^   P°Pulation-      N°   nation   can   be   strong  without 

8      g    icuitural    base,    agriculture    is    the    foundation   of    the    economy   of    the   United    States. 

-up-rfSSS^S^S^r^LSSS   ca6    f°r80in8  r^3^80"8   ^^   3   PlSth°ra   °f   Simila^    facts   a«d 
in   agricultural   areas   proclaim^8"! gr^Sr." SU SV^  fday"8-   ^   ST^'      ?™P"   8tiCk6rS 
agriculture   must   educate,    as  well    as   feed,    the  American  population.  "'  '  18S1°n    "   ^^^^ 

with   SSe^^gS^^S^St^   the   PSrd°nUtritl0niStS'    f°°d    faddistS   a"d   ~   groups   who, 
Proclaims    that   all    sugar   S^"^^^^  Si^pSS'S.^-r'S   SC^!.?:   5?^ 


*    t      <♦  -io  nnt  Hprried    A  second  group  claims  that  refined  sugar  is  bad,  but 
Mcintosh  apple  or  another  sweet  fruit  is  not  decried   A  sec    g   P  ^^  ^  ^  ^ 

that  brown  sugar  contains  worthwhile  .in  a  nu  :   o n  and^is  he^  ^  ^    ^   ^  ^  %  perc       rose. 

^^^f^^-i-ucSi   lorida  in  recent  years  has  =  ~^^£S^   £  Prac- 

Table  I 

Approximate  Annual  Values,  in  Cents  Per  Pound, 
for  Successive  Levels  of  Sugar  Transactions 


Year 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

196  7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

*   For 

Cuba's 


World 
Price 

$0,031* 
0.042* 
0.050* 
0.042 
0.042 
0.050 
0.057 
0.042 
0.034 
0.033 
0.032 
0.035 
0.052 
0.035 
0.030 
0.031 
0.029 
0.030 
0.085 
0.059 
0.021 
0.019 
0.020 
0.020 
0.033 
0.038 
0.045 
0.074 
0.096 
0.296 
0.205 
0.116 
0.082T 


Raw  Sugar 
Duty  Paid, 
New  York 

$0,038 
0.046 
0.062 
0.055 
0.058 
0.059 
0.061 
0.063 
0.063 
0.061 
0.060 
0.061 
0.062 
0.063 
0.062 
0.063 
0.063 
0.065 
0.082 
0.069 
0.067 
0.070 
0.073 
0.075 
0.077 
0.081 
0.085 
0.091 
0.103 
0.291 
0.225 
0.133 
0.1  10 


years  1942-1947  inclusive  based  on 
export  surplus  in  those  years,  annual 


Index, 

Refiners' 

Margin 

$0.01  1 
0.012 
0.014 
0.015 
0.015 
0.014 
0.016 
0.016 
0.017 
0.019 
0.019 
0.020 
0.022 
0.023 
0.024 
0.024 
0.024 
0.024 
0.030 
0.030 
0.027 
0.026 
0.026 
0.026 
0.029 
0.031 
0.032 
0.032 
0.030 
0.036 
0.080 
0.055 
0.061 
prices  paid  by  C 
averages  are  fma 


Retail 
Spread 

$0,013 
0.013 
0.016 
0.018 
0.017 
0.019 
0.019 
0.019 
0.020 
0.020 
0.020 
0.020 
0.021 
0.022 
0.023 
0.024 
0.026 
0.023 
0.019 
0.023 
0.018 
0.019 
0.018 
0.015 
0.012 
0.013 
0.014 
0.011 
0.013 
(0.010) 
0.064 
0.052 
0.047 


US  Retail 
Price 

$0,067 
0.077 
0.097 
0.094 
0.095 
0.098 
0.101 
0.103 
0.106 
0.105 
0.104 
0.106 
0.1  10 
0.1  13 
0.1  14 
0.1  16 
0.1  18 
0.1  17 
0.136 
0.128 
0.1  18 
0.120 
0.122 
0.122 
0.124 
0.130 
0.136 
0.139 
0.151 
0.323 
0.372 
0.240 
0.216 


CC,  a  U.S.  Government  agency, 
il  average  settlement  prices. 


US  Retail/ 
NY  Raw 

$0,018 
0.017 
0.016 
0.017 
0.016 
0.017 
0.017 
0.016 
0.017 
0.017 
0.017 
0.017 
0.018 
0.018 
0.018 
0.018 
0.019 
0.018 
0.017 
0.019 
0.018 
0.017 
0.017 
0.016 
0.016 
0.016 
0.016 
0.015 
0.015 
0.01  1 
0.017 
0.018 
0.020 
vhich  purchased 


t     January  -  October,  1977. 

Note-Based  on  U.S.  Department  of  Agriculture  Sugar  Statistics  and  Lamborn's  Charts  of  World  Sugar  Prices. 


A  consequence  of   consumer   remoteness   from,    and   minunders   an   in  fo od   pro  uc        n  c  an  be e        in  en 

vironmental   extremism,    ecohysteria  rather   than   ecoreason.    Control   or   p   uf  ^^^f  ^ gnomical .      0ur 
but   that    fact  does   not   imply   that   agrichemicals   are  bad.      ^"°"*   "^^      increasing   public   participation 
laws  have  developed    in   a  way  which  permits,    and   sometimes    J?"1""^^^^"^    c?aSs-action   lawsuits. 


which  seeks  to  prohibit  a  western  university  from  using  public  fund*;  tn   ,„„j,,t        u  • 

saving  technologies,  which  may  displace  field  labor  and       a     ,   conduct  research  in  agriculture  labor- 
benefit  of  investors  in  agricultural  operations  allegedly  contribute  directly  to  the  economic 


enemies? 


litany  of  similar  tales  is  available  for  the  making.   With  friends  such 


as  our  consumers,  who  needs 


Table  II 


Thousands  of  Hectares  of  Sugar  Cane  Harvested  for  Sugar 
Per  Crop  or  Calendar  Year.  Approximate 


YEAR 

FLORIDA 

LOUISIANA 

1944-1945 

10  8 

98  4 

1945-1946 

12  4 

93  6 

1946-1947 

12.8 

1  02 

1947-1948 

14. 

103  6 

1948-1949 

14 

109  6 

1949-1950 

14  8 

1 1  1.6 

1950-1951 

14,8 

109  2 

1951-1952 

1  5  6 

103  2 

1952-1953 

1  7.2 

109  6 

1953-1954 

18 

1  1  2 

1954-1955 

15.6 

98  8 

1955-1956 

14 

92  8 

1956-1957 

12. 

81  2 

1957-1958 

13  2 

90  4 

1958-1959 

13  6 

87  6 

1959  1960 

18  4 

100 

1960-1961 

19.6 

102 

1961-1962 

22.4 

110  8 

1962-1963 

45.6 

1016 

1963-1964 

57.2 

118  4 

1964-1965 

88 

1  30 

1965-1966 

74 

115  2 

1966-1967 

76.4 

115  2 

1967-1968 

76  4 

117  6 

1968-1969 

72.8 

112  8 

1969-1970 

61  2 

94 

1970-1971 

68 

106.4 

1971-1972 

76 

120  4 

1972-1973 

97.6 

1  24  4 

1973  1974 

103.2 

1  27  6 

1974  1975 

103.2 

123  2 

1975  1976 

1  14.8 

123  2 

1976-1977 

1  14  4 

1  16.4 

HAWAII 

41.2 

33.6 

45.2 

40. 

43.6 

43.6 

43.6 

43.2 

43.2 

42.8 

42.4 

42.8 

42.8 

33  6 

44. 

41   6 

43.2 

43.6 

42.8 

44.4 

44 

44.4 

44.8 

45.6 

45.2 

45  6 

46.4 

43.2 

43.2 

38.4 

42. 

40 

38.8 


Note    Values  based  on  HSPA  Sugar  Manual,   1978 


Table  III 

Tonnes  of  Sugar  Cane  Harvested  Per  Hectare  for  Sugar  Per 
Crop  or  Calendar  Year,  Approximate 


YEAR 

1944-1945 
1945-1946 

1946  1947 

1947  1948 
1948-1949 
1949-1950 
1950-1951 
1951-1952 
1952-1953 
1953-1954 
1954-1955 
1955-1956 
1956-1957 
1957-1958 
1958  1959 
1959-1960 
1960-1961 
1961-1962 
1962-1963 
1963-1964 

1964  1965 

1965  1966 
1966-1967 
1967-1968 

1968  1969 

1969  1970 
1970-1971 
1971-1972 
1972-1973 
1973-1974 
1974-1975 
1975-1976 
1976-1977 


FLORIDA    LOUISIANA 


64.8 

74.7 

73.35 

60.075 

64.575 

69.3 

70.425 

72.9 

78.525 

73.35 

73.35 

75.15 

89.325 

93.825 

85.05 

85.95 

71.55 

81.45 

79  65 

70.2 

65.925 

65.475 

71.55 

77..  175 

66.375 

76.05 

75.15 

71.325 

85.725 

70.875 

65.25 

79  425 

73.35 


45. 

49  275 

39.6 

33.975 

43.2 

40.275 

43.875 

38.925 

46.575 

46.35 

51.3 

54.9 

53.325 

49.5 

49.5 

45.675 

49.275 

57.825 

47.025 

65.025 

51.075 

51.075 

51.075 

62.1 

58.725 

54,225 

58.725 

48.15 

58.05 

46.35 

47  925 

47.25 

57.6 


HAWAII 

160.65 

159.975 

158.175 

169.65 

166.275 

168  075 

174.15 

180.9 

186.975 

197.55 

209.025 

208.575 

199  125 

202  05 

191.925 

187.2 

199.35 

203.4 

210.15 

213.3 

220.5 

222  3 

222.075 

223.65 

215.325 

206.775 

207.675 

206.1 

200.7 

213.3 

202.95 

206.55 

209  25 


Note    Values  based  on  HSPA  Sugar  Manual.   1 9  78. 


many  in^Tl^ers^  BuTV^^  *"  ""V""*  has  obliterated  production  from  the  consciousness  of 
many  industry  leaders.   But,  sugar  crops  must  be  produced  before  they  can  be  sold.   Tables  I   II   and  III 


According  to  McCloud  (1977),  sugar  cane  production  has  shown  the  smallest 

MpwVtw*  "  f°ld  SlnCe  1928-  He  n°teS  that  rather-induced  tonnage 
high  and  that  sugar  cane  was  the  least  yield- stable  of  the  crops  studied.  Acco 
is  little  tendency  for  improvement  in  tonne-per-hectare  yields.  Is  the  same  co 
Has  domestic  sugar  cane  production  reached  a  plateau?  Is  there  no  opportunity 
cane  or  sugar  per  hectare?  Sugar  cane  scientists  should  make  a  clear  cautioner 
or  are  approaching  productive  maxima,  and  should  identify  the  limiting  factor(s 
our  research  goals  must  be  reorganized  toward  management  which  will  achieve  max 
sugar  per  hectare  per  month. 


increase  in  yield  of  any  of  the 

fluctuations  are  extremely 
rding  to  his  analysis,  there 
nclusion  applicable  elsewhere? 
for  improvement  in  tonnes  of 
y  statement  if  we  have  reached 
).   Under  such  circumstances, 
imum  economic  yield  in  terms  of 


The  strength  of  the  sugar  industry  has  been  its  ability  to  produce 
to  growing  the  crops? 

A  PLAYBACK 


Shouldn't  we  devote  "equal  time" 


over  ™aVSky  [\979\    3Sks'  "Should  Pe°Ple  ^  allowed  to  take  risks?"  when  commenting  on  the  effect  of 
over-cautious  attitudes  to  new  technological  developments.   The  fourth  paragraph  of  his  article  reads- 


ra.ll,,    in  "sP»«--o»  1,   *-   ™t      a   ia.l   ve  »M    intoeriaa.      Evident.,,    a  -eenanis,,   is   at   - 

s.'m^^T"  -  *-» »»'  °f  *-  *  f«  sss? ls  thls:       8° 

rting  ne»  in  oor  environment  or  is  there  southing  new  in  our  social  rela.tons? 

Cle.rlv,  there  is  something  different  it  not  jj.  in  our  -ietai  affairs.  We  fcave  J*--*^ 

through  mutual  goals  and  close  cooperation. 


Table  IV 

9G  Percent  Raw  Sugar  Made  Per  Tonne  Cane  Per  Crop  or 
Calendar  Year.  Approximate 


YEAR 

1944  1945 

1945  1946 

1946  1947 
1947-1948 

1948  1949 

1949  1950 
19  50  1951 

1951  1952 

1952  1953 

1953  1954 

1954  1955 

1955  1956 

1956  1957 

1957  1958 
1958-1959 

1959  1960 

1960  1961 

1961  1962 

1962  1963 

1963  1964 

1964  1965 
1965-1966 

1966  1967 

1967  1968 

1968  1969 

1969  1970 
1970-1971 

1971  1972 

1972  1973 

1973  1974 

1974  1975 
1975-1976 
1976-1977 


FLORIDA 

LOUISIANA 

88 

75 

96 

72 

90.5 

74 

86.5 

76 

79 

75 

132.5 

83 

132.5 

85 

97.5 

66 

103.5 

79.5 

103.5 

83 

105 

85 

102 

80.5 

107 

89 

100  5 

79.5 

104 

91 

99 

87 

102.5 

84.5 

102 

91  5 

94 

89 

95.5 

88.5 

89 

77.5 

100.5 

84 

107.5 

85.5 

109.5 

91 

101.5 

90.5 

102.5 

94.5 

1  15 

87 

105.5 

88.5 

103.5 

82.5 

101.5 

85 

1  12 

90.5 

103.5 

99 

94 

87 

HAWAII 


111.5 

1  13.5 

1  10 

1  10.5 

1  19 

1  1  7.5 

1  17.5 

1  1  7.5 

122 

1  14 

1  1  5.5 

1  1  1 
1  15 
101  .5 
103.5 
108.5 
1  14 
1  14 
109.5 
1  12.5 
1  13.5 
1  12.5 
108 
109 
109 
1  1  1 
1  15 
1  12.5 
1  17 
1  14.5 
1  16.5 
1  14.5 
1  15 


Note:  Values  based  on  HSPA  Sugar  Manual,   1 9  78. 


1. 

2. 

3. 
4. 
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PRESIDENT'S  MESSAGE:   LOUISIANA  DIVISION 

Roland  M.  Hebert 

St.  Martin  Cooperative,  Inc. 

St.  Martinville,  Louisiana 

This  year,  1979,  brings  to  an  end  another  decade  of  the  U.S.  sugar  industrv    Te  h*      k 

The  1970's  have  not  been  extremely  kind  to  the  Louisiana  sugar  industry    1970  it«,P1f  ^,        i,    a 
Price  iTllr   ^arVeSt  C°f^r   aCC°mPanied  ^   e-ly  freezes,  ^he  bonaS'yea   1 97   drove  the" 

sampler  testing  system,  and  the  aggressive  use  of  new  cane  varieties.  "    ^  C°re~ 

In  the  1970's,  we  also  saw  the  cost  of  labor  and  materials  rise  to  unparalleled  levels   A  minor 
improvement  in  a  factory  has  become  a  major  financial  undertaking.   On  an  even  sadder  note   the  Jouisi 
ana  sugar  industry  has  seen  the  number  of  raw  sugar  houses  decrease  from  43,  in  1970  to  25  in  1979 

4;58aSoPOrtonnes°inri978  "s  541'8°°  t0nn6S  *  "70  l°   ^^   t0nn6S  in  1977  but  '«*p2  back  do™  o 

TsyC^ZLVul:^!"  thari978ecafoeP:ent  from  114'400  hectares  in  197° to  i3^°° h—  * 

We  cannot  allow  this  to  continue. 

cit  I)    ^ d±"lcuU  to  believe  that  the  government  leaders  in  this  great  nation  will  allow  the  suear 
situation  to  deteriorate  to  the  point  at  which  we  see  the  oil  industry  today.   Have  not  their  experiences 

till   t,  ,   8   the!?.a  lef°n  °n  the  f°lly  Md  danger  of  becomin8  dependent  on  imports?  Their  snort" 
term  thinking  regarding  the  oil  industry,  if  extended  to  our  sugar  industry,  wil/indeed  be  disastrous. 

Provided  with  accurate  information,  one  wonders  whether  consumers,  in  general  would  be  as  unset 
about  a  possible  rise  in  the  price  of  sugar  as  the  anti-sugar  legislation  advocate  clail   they  id 
be.   Industrial  sugar  users  naturally  have  a  vested  interest  and  want  cheap  sugar.   However  John  0  Public 
is  well  aware  that  while  the  price  of  a  Hershey  bar  went  up  in  1974  because  of  high  colli of  sugar" 
that  same  Hershey  bar  kept  getting  smaller  and  more  expensive,  while  the  price  of  Lgar  dropped  drasti- 

Todav'  th      '  W\C°Uld  PUt  US   °-10  °r  $°-15  in  a  C0Ca" C°la  machine  and  receive  a^oft  drink 
Today,  the  same  machine  requires  $0.30  to  $0.50  for  the  same  soft  drink. 

Anti-sugar  advocates  have  done  an  excellent  job  of  "selling  a  bill  of  goods"  to  the  American 
public.  No  real,  unbiased  effort  has  been  made  to  inforn,  the  consumers  that  most  nations  oTthe  world 

thrworld8_mae™et0nwhricChS  ?'  ^   "*"'    *"*    ?*"  ^  ^^   gr°Und  f°r  excess'  uncommitted  su^ar  is 
Few      r      i  «hich  represents  approximately  10  to  15  percent  of  the  total  world  sugar  production. 

world-price  susar  Tel     rhe  d  T'  ^^  ^^    ^  the  "^  SUgar  price  is  tied  t0  'his  ^ 
;fl   "  SUgar:  Yet'  the  domestic  sugar  growers  and  processors  are  compelled  to  compete  with  the 
low  world  price  of  excess  sugar,  while  simultaneously  meeting  the  requirements  for  minimum  wage 
rates,  complying  with  OSHA  standards,  dealing  with  the  inflated  cost  of  equipment  and  supplies  and 
paying  for  the  operation  of  an  unsupportive  government.  supplies,  and 


i  -v      «„      i.   not  being   told   of    the   double   standards    that   control    the   price   of   do- 
The   consumer      likewise,    is  not  being   to   do  imported    foreign   sugar    is    part   of    the 

mestic    sugar.      He    is    falsely  being   led    to  believe   that  P  P  ^   ^    ^   commodities    suf_ 

answer   for  decreasing   our  weekly    food   bil  1 .      If ,    in     ^,    t^is  'Theycosts   of    all   goods    and    services 

fering    the   pangs   of    inflation?      Consumers   need    t0^e   le^f  ™"      £  lcized    sufficiently    to    those   out- 
have    increased,    and   continue   to   increas daxly        Wha      «   no^b^   SJ        ^^  ^   ^^   by 
side    the   sugar   industry    is   the    long   range   u^g  fnrpi(m   oroducers     who   do   not   know  or   care   about 

sugar  and   the   reality  of   the  U.S.   being   at  ^e  mercy  of  fo ^»  Producer s  thoilsaads  of  U.S. 

the   cost   of   operating   the  U.S.    governmen      through   £stS   -manufactured  supplies,    goods    and 

££='    To  dd°o  not   Sof  Sd  £^££^   cnder^ronmental   Protection  Agency    (EPA)    retirements, 
and  who  have   no   loyalty,    except   to   themselves. 

i  ■         in    the  U   S      has   resembled   an  "Alice    in  Wonderland"   fantasy   since   the   demise   of    the   Sugar 

which  Lrft«  counterproductive  to   the   intent  of   the   legislation. 

a  c-ple,  Parent  progra.  ior  the   1977  -P-S™  ™f  riS  ^jXT^^TZluU 
so   often,    and   so  many   questions  were   raised   about    its   legality,    tnat  V   y 

have  not   been  made,    even  as   this  message    is  written. 

i       .cUHnn  w^   defeated    in   1978,    President  Jimmy   Carter   personally   assured   Senator 
After   sugar   legislation  was   deteatea    in   i?/o,  j  d  $0    15      er  pound,    pending 

Russel   B.    Long   and   others   that   the  market  price   for   sugar  ^nUbe^, ported   at    »  P        P  decreaged 

passage   of   new  legislation        This  promise  J»  "J^^^J^SJJ  below  $0.15  per  pound.      In 
^ife'of   iiii9?idiSSr~u"3   r^iSSiSrf^ttii.  ^is,    the   President   has    refused 
to   change   either   the  mechanism  or   the   fee. 

President  Carter  has   set   such  narro-  constraints  on  the  tfn  of   sugar  bill  „< ;  -design  that^gar 
producers  have   -ad   difficult,   J-J-^f « 2.  noof „rT»eStlc\«eete„et  ££—      Jt^l-P- 
^"nrs^'fr-  sucn  donates  S   heal    quickly,    and  he   soon   forgotten.      The  domestic    sugar    rndustry 
cannot   afford  division  within   its   own   ranks. 

We   all   owe   a  debt  of   gratitude   to   those  members   of   our   industry  wl joMve  *£,$£%££?£ 
effort   trying   to  negotiate  and  pass   sweetener   legislation       We,    in  Louisiana     especially     pp 
dedicated   efforts   of   American  Sugar  Cane  League's  President     P.    J.    deGravelles,    Jr., 
who   is   Chairman  of    the  League's  National  Legislation  Committee. 

Obviously,    there   is  much   that  we  must   strive   for    in   the   decade  which   follows: 

*  We  most   certainly  need   to   continue   to   strive   for   a  price   for   sugar  which   will    result    in   a   stable   and 
viable   domestic   sugar   industry. 

512.  ariose  tts^zzzszzz  £^«s.tsrs£  r^sz 

return  on  capital  investments. 

*  We  need  to  initiate  technological  improvements  in  wiser  and  more  profitable  use  of  sugar  products 
and  by-products. 

*  We  need  to  encourage  plant  scientists  to  develop  sugar  cane  varieties  producing  14,000  pounds  of  sugar 
per  acre  U5.75  tonnes  per  hectare)  in  combination  with  close  and  wide-row  planting. 

*  We  need  to  develop  an  internal  public  relations  program  to  accurately  inform  our  consumers  of  our 

*  We  need  to  maintain  a  serious  dialogue  with  congressional,  governmental,  and  consumer  groups  which 
are  influential  in  areas  affecting  our  industry  and  its  concerns. 

I  doubt  seriously  that  I  would  be  standing  here  today  if  it  were  not  for  the  continuous  support  and 
encouragement  of  numerous  people  in  our  sugar  industry. 

_  »  -ST1!  look  ^\o  atuntlfur  ^T^^^TZX^l   «   » 

is  logical,  then  that  we  must  reap  an  equitable  return  for  our  product.   Long  live  Sugar! 


GROWTH  RATES  OF  FLORIDA  SUGARCANE 
DURING  SEVEN  GROWING  SEASONS!/ 

G.  Kidder 
University  of  Florida 
Agricultural  Research  and  Education  Center 
Belle  Glade,  FL 
and 
E.  R.  Rice 
U.  S.  Sugarcane  Field  Station 
SEA,  AR,  Canal  Point,  FL 

ABSTRACT 


the  ^Hr^  October  at  Canal  Point,  FL,  snowed  that 

Growth-rates  decreased  in  an  almost  linear  SaS^f^uf^SJuS  0  r   £**"£  ""  15  Cm  (5'9  ln)/week- 
continued.   Rates  in  late  October  generally  averaged  8  ™  tl  i ■    w  °ctober>  ^en  measurements  were  dis- 
2.8  »  (9.2  ft),  representing  an  average  growth  raff  of  9  cm  (3  TliT/      \   J™"*6  ^   '*   °Ct°ber  WaS 
Varieties  showed  different  growth  rates  but  all  lla   lh  M)/week  during  the  grand  growth  period. 


INTRODUCTION 


detecting  gr„„th  problems,   and  for  StiStto.     LT       Jf  ?u  ?  ""T       '  8C°"th  ™te  of  thl!"  ca"e-   '« 
-liable  eane  (4)  an<i  Unrelated  ^I'S.t  \  T t«s"  S'S  T""^  ^  1     . 

cane   grows,    especially  early   in   the   growing   qPaqnn      a«0„,  7  or    cane  (2).   The  rapidity  with  which 

eristics   evaluated   in'the  vLiet J  dev^n      "ograf  (1        .^e  Z  etaWrowth^tte    f  T"?    -haraCt" 
in   studies  of   environmental   factors,    growth  rectors,   and   iT^^Lf^C^-Sr^  gr^wT^" 

of   se^raV^IrcLe  v^ie^T  ^   ^  *   ^ '    »»*»"*  ^  *»*  Poi"'    ^Id..    of   the   growth  patterns 


MATERIALS  AND  METHODS 


ah  data  available  for  a  given  variety  were  included  in  the  averages. 
Table  1.   Varieties  studied  in  each  of  the  seven  years  of  the  experiment. 


Year 


Vari6ty       12fifL 1969  1970  19lT~  1973  1974  li7s~ 

CI   41-223  x  x  y 

X  X  X  X  X  X 

CP   50-28  X 

CP   56-59 

XXX 
CP   56-63  x  XX 

CP   57-603  x  x 

CP   62-374  x  x 

CP   63-306 

CP   63-588  x 

CP  65-357 

CP   66-1079 

L  61-49 


X  X  x  X  x 

X  X  x  x  x 


X 


Data  of  one  variety  were  discarded  because  of  mistaken  identification  of  the  variety. 


1/ 
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Table  2.   Average  weekly  elongation  (measured  to  top  visible  dewlap)  of  five  sugarcane  varieties 
Canal  Point,  Florida . . ■ 


at 


Week 

of 
Year* 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 


CI  41-223 
(N=7  yr) 


1.0 
0.5 
1.5 
1.5 
2.5 
3.0 
4.0 
5.5 
6.0 
7.5 
11.0 
11.5 
13.0 
13.5 
13.5 
12.0 
12.5 
12.5 
11.5 
12.0 
11.0 
9.5 
9.5 
10.0 
9.5 
10.0 
9.5 
8.0 
8.0 
7.5 


CP  63-588 
(N=6  yr) 


2.0 

3.0 

3.0 

4.0 

4.5 

5.5 

7.0 

7.5 

9.5 

10.5 

13.5 

13.5 

13.0 

13.5 

13.0 

12.5 

13.0 

12.0 

11.0 

11.5 

10.5 

9.5 

9.0 

10.0 

10.0 

10.5 

9.0 

8.5 

9.5 

8.0 


Variety 


CP  63-306 

(N=5  yr) 


cm/week 

2.0 

2.5 

2.0 

3.0 

4.0 

5.5 

6.5 

7.0 

9.0 
11.0 
14.0 
15.5 
15.5 
15.0 
16.0 
15.0 
16.0 
14.5 
14.0 
13.0 
12.5 
10.0 
10.0 
10.5 
11.0 

11.0 
8.5 

11.0 

11.0 

10.5 


CP  56-59 
N=3  yr) 


4.5 

3.5 

3.5 

4.0 

4.0 

6.0 

6.5 

8.0 

11.0 

11.0 

14.0 

12.5 

14.5 

13.5 

15.0 

13.5 

14.5 

14.0 

13.0 

13.5 

12.5 

10.0 

11.0 

13.0 

11.0 

13.0 

11.5 

7.5 

5.5 


CP  65-357 

(N=  1  yr) 


4.5 

5.0 

6.5 

8.5 

16.0 

18.0 

16.0 

16.5 

14.0 

11.5 

17.0 

12.0 

14.0 

11.0 

11.0 

10.0 

8.0 

8.5 

12.0 

10.0 

9.0 

8.5 

9.0 

8.5 

9.5 


Weeks  No.  14,  27,  and  43  correspond  approximately  with  the  first  week  of  April,  the  first  week  of  July, 
and  the  last  week  of  October,  respectively. 
*To  convert  to  English  system,  multiply  cm  by  0.394  to  obtain  inches. 


Th.  _„_«.  -d.   *  *is   st„d,  covered  *f    is  £■£*£•££  £££]???£?%." 


Ten  representative  plants  were  selected  and  measured  from  soil  surfarP  m   rh*   <-™      •  n.,   j  ■, 
on  Wednesday  of  each  week.   Measurements  were  begun  the  first  week  of  IS?1    h    •   \       ^^  (TVD) 
growth  began  in  most  years,  and  were  continued  through  October  when  flower L  stared    *  3PPreCiable 

RESULTS  AND  DISCUSSION 
can  bfseeTtW  ^T^  ^^  meafUred  durin§  the  seven  years  of  the  experiment  is  shown  in  Figure  1   It 


APR.  MAY 


JUNE  JULY  AUG.  SEPT.  OCT. 


Figure  1, 


Seven-year  average  growth  rate  (cm/week)  and  height  (meters)  of  sugarcane.   Each  week's  point 
on  the  curve  xs  the  average  of  350  measurements.  P 


The  weekly  growth   rates  of   five  varieties  are   Dreqent-Prl    i„   t=kid   o        „, 
the  hectarage  planted   to   sugarcane   in  Florida   in  WT^S?  ™      h  ?"  !  varieties  represented  64%  of 

is  evident   in   the   one  year's   data  available     nr  i  ^   rapid  early  growth  characteristic   of   CP  65-357 

The   average  weekly  growth  of        1  and  1     6   cm   (2  l  iLt  f  ?{        '?  T  ^^   "°  F1°rida  powers   in  1975. 
CP  65-357  were  far  greater   than  those  miured   for       P     i"'    ™     ^  Md  ^ '   resPect-ely,  measured  for 
and  CP  56-59   exhibited   similar  Brovth  II  5        tV  varifles  at   that   ti-e  of  year.      Both  CP  63-588 

April  and  May,    respective"       and  rip id'grS    (12  ffi  T/       M^  f  "^   ?^  ^  ^   Cm7week  in 
early  growth  of  CI  41-223  Ian  also  be  notefin  the  data       vf r ie^CP } sT^Tl  "V* ''     ^  relatlve1^  slow 
early   in   the   season  but  maintained  a  higher  rate   L^ne'thro^thf  ^st  TttZ^TllisT  °  63"588 

resultlegaISo8idh:ur8ve   is   similaTtrSs?  c^8   **   "" V"»  °f   the   -^   is  plotted   in  Figure  1.      The 
(Figure   1)    re^embleTth^      *lmilar   to  classic    sugarcane   growth  curves  (3).  The   shape   of   the   growth  rate   curve 

curves   for  cane   gr'tn  a  n       S)tw    "^J"!   T^™     *°Te  ^^   ^  ^  Previously  reporTed 

elongate   into  January"     Th^L   ly-flL^inrva^ie'ty3  CT62  TlT  ^^l'   F1°^d\™™  ^  continue   to' 

up    to   the   time   of    spiking   in  mid-OctZr  7'  ^ '    ***"  "  *   rate   °f   7'5  Cm   (3'°  ln>/week  ri§ht 

varietn^theMst'wal  S^Mt"^?'  ^T^f  t^  '"  ^^   ™   Table  3'      *"   tallest-growing 
the  weekly  growth  raS  fell  belfw^at  rf"S£  /^         §  '  advantaSe  §ained  e-ly   -  the   season  eVen  after 

essentially^   same^eignt   tr^d^     SS^S  5   thtse^n  ^STS  63   30^  *   ^  «" 
SS  STSt'S^'      Hel8ht  "   ^  Cane   "  "-  °— ertngJd^om^.l  .%,?  ^g  rT^^loTl  . 


10 


Table  3.   Average  height  of  five  sugarcane  varieties  growing  at  Canal  Point, 
April  and  October . 


Florida  between 


Week 

of 
Year* 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 


CI  41-223 
(N=7  yr) 


1.0 

1.5 

3.0 

5.0 

7.0 

10.5 

14.5 

19.5 

26.0 

33.5 

44.5 

55.5 

69.0 

82.5 

96.0 

108.0 

121.0 

133.0 

144.5 

156.5 

167.5 

177.0 

186.5 

196.0 

205.5 

215.5 

225.0 

233.0 

241.0 

248.5 


CP  63-588 
(N=6  yr) 


2.0 

5.0 

8.0 

12.0 

16.5 

21.5 

28.5 

36.0 

46.0 

56.5 

70.0 

83.5 

96.5 

110.0 

123.0 

135.5 

148.5 

160.0 

171.0 

182.5 

193.0 

202.5 

211.5 

221.0 

231.0 

241.5 

250.5 

259.0 

268.5 

276.5 


Variety 


CP  63-306 

(N=5  yr) 


cm*' 


2.0 

4.5 

6.5 

9.5 

14.0 

19.5 

25.5 

33.0 

41.5 

53.0 

66.5 

82.0 

97.5 

113.0 

128.5 

143.5 

159.5 

174.0 

188.0 

201.0 

213.5 

223.5 

233.5 

244.0 

255.0 

266.0 

275.0 

286.0 

297.0 

307.5 


CP  56-59 
(N=3  yr) 


** 


Weeks  No.  14,  27,  and  43  correspond  approximately  with  the  first  week 

and  the  last  week  of  October  respectively. 

To  convert  to  English  system,  multiply  cm  by  0.394  to  obtain  inches. 


4.5 

8.0 

11.0 

15.5 

19.0 

25.0 

31.5 

39.5 

50.5 

61.5 

75.0 

87.5 

102.5 

116.0 

131.0 

144.5 

159.0 

172.5 

185.5 

199.0 

211.5 

222.0 

233.0 

245.5 

256.5 

269.5 

281.0 

288.5 

294.5 


CP  65-357 

(N=  1  yr) 


4.5 

9.0 

15.5 

24.0 

40.0 

58.5 

74.5 

90.5 

105.0 

116.0 

133.5 

145.0 

159.0 

170.0 

181.0 

191.5 

199.0 

208.0 

219.5 

230.0 

239.0 

247.5 

256.5 


265.0 
274.5 


of  April,  the  first  week  of  July, 


1. 
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THE  RELATIONSHIP  BETWEEN  THE  NITROGEN  CONTENT  OF  MEDIUM-COARSE  TO 
MEDIUM-FINE  TEXTURED  SOILS  AND  YIELD  RESPONSE  OF  STUBBLE  SUGARCANE  TO  FERTILIZER  NITROGEN 


Laron  E.  Golden 

Agronomy  Department 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 

ABSTRACT 


fine  textured  soils.   Increase!  in  yield  in     T       T  conducted  on  medium-coarse  to  medium- 

check  and  from  the  N-treated   lot"  atlach  !o  tion   Zlng  T9ll fi^e'rlte*  Z?"^   f  ^  f™  ^ 
acre  and  during  1961-71,  the  rate  of  N  was  160  lb  per  acre  §     1   'c   e    o  t  ^     ™\      °   ^   *" 

t:%Hn,:iT,  2rtt\neld  from  che^piots  wL  ^.A9-tonTrPaerNacrr:nndsthf  :r°i  c::::e°  ryLidfdr:; 

-f^amo^  "■«»■    Lf^ely   low  J  counts 

of   soil,    .062%,    and   the  highest,    .154%,   were  associa^ 1  wi  h  1  f       r     S"     S"  "nd   n   ToS  "  ^^ 

respectively.      A  statistically   significant  positive   correlation    fr   -      SS  ™f  t    ■      ?V  P        aCr6' 


INTRODUCTION 


,„„.  J3rCT-iiS   Pr^UCed   Primarlly  on  medium-coarse    (light)    to  medium-fine    (heavy)    textured   soils    in 

cane,    «U   to   100   lb   of   N  per   acre  were   recommended    for   all   soil    types    (2).  stuDDie 

o    120  lb   "f  N'pef  aci:        EEe  "f  2 —S^SST"^  ™  '"  Plant   "™  ^   °"   "—tLurrf   «-"■  ™   » 

jjki    acre.       Kates    or    N    recommended    for    stubble    cane   varied    frnm    inn    t-r*    i/,n    iu 

medium-coarse   to  medium-textured   soils   and    from   120   to    160   lb   per   ZllVlZ^-AlZ   fin^tex^red^soils 

was   eithert2S00r"  llf^TT  "^   T"?   ""   °n   "^   tertUred    S°ilS'    in  which   the   hi^st    »te   of  N 
was   either   200   or   240   lb    per   acre,    showed    some    increases    in   yield    from   rates   of   N  above    the    rate    of    1  fin    11, 
per  acre  but   they  were  generally   too   small    to  be   considered   economically   important    O)? 

denthl^i^  f   *\  (6).reP°rted    relatively  high   oxygen  contents   and   good   root   development   by  sugarcane   at 


response   of   stubble   cane   to   fertilizer  N. 

MATERIALS   AND  METHODS 


Generally,    the    plot    size   was    one-tenth   acre    or    larger    and    the    source   of   N  was   ammonium   nitrate. 

the    spViT^L'saiY38    °btain1    fT,the    Ch6Ck   3t    6aCh   ^    tSSt    Site    at    the    time    °f    fertilization    in 
tests     6  8i2   ^7       T        ;:r   analyZed   f°:   t0tal   N  C°ntentS   h*   the  modified  KJel**l  ">ethod.      Each  of   the 

vary  very      itt 1    'an In      S   T   "T£        T        ^   ^   "^   3S   the  P"™*   *■"  and'    Since   So11   N  contents 
vary  very    little    annually    (4),    topsoil   N  values    from    the   previous   year   were   reported. 
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Table  1.   Experimental  locations,  soil  types,  year  and  varieties  of  sugarcane. 


Test 
Number 


Plantation 


Soil  type 


Year 


Variety 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


Alice  "B" 

Smithfield 

Little  Texas 

Pecan  Tree 

O'Neil 

Little  Texas 

Smithfield 

Pecan  Tree 

Alice  "B" 

Little  Texas 

Pecan  Tree 

Little  Texas 

Alice  "B" 

Georgia 

Laurel  Grove 

Alice  "B" 

Laurel  Grove 

F.  A.  Graugnard  &  Sons 

Myrtle  Grove 

Laurel  Ridge 

Laurel  Grove 

Myrtle  Grove 

Laurel  Grove 

Evan  Hall 

Myrtle  Grove 

Upper  Ten 

Laurel  Grove 

Little  Texas 

Simonaud 

Kilgore 

Belleview 

St.  James 

Evan  Hall 

Belleview 

Evan  Hall 

St.  James 

O'Neil 

Evan  Hall 


Baldwin  sil 
Mhoon  sil 
Mhoon  sil 
Mhoon  sicl 

Baldwin  sicl 

Mhoon  sil 

Commerce  sil 

Mhoon  sicl 

Cypremort  1 

Mhoon  sil 

Mhoon  sicl 

Mhoon  sil 

Baldwin  sil 

Mhoon  sil 

Mhoon  sicl 

Baldwin  1 

Mhoon  sicl 

Mhoon  sicl 

Commerce  sil 

Mhoon  sil 

Mhoon  sicl 

Commerce  sil 

Mhoon  sic 

Commerce  sil 

Mhoon  sil 

Mhoon  sil 

Mhoon  sic 

Mhoon  sicl 
Jeanerette  sil 
Jeanerette  sil 
Baldwin  sicl 
Mhoon  sil 
Mhoon  sicl 
Baldwin  sicl 
Mhoon  sil 
Mhoon  sicl 
Baldwin  sicl 
Mhoon  sil 


1958 

1958 

1958 

1958 

1959 

1959 

1960 

1960 

1961 

1961 

1961 

1962 

1963 

1963 

1963 

1964 

1964 

1964 

1965 

1965 

1965 

1966 

1966 

1967 

1967 

1967 

1967 

1967 

1968 

1969 

1969 

1969 

1969 

1970 

1970 

1970 

1971 

1971 


CP  44-101 
CP  48-103 
CP  36-105 
CP  44-101 
CP  44-101 
CP  36-105 
CP  36-105 
CP  44-101 
CP  52-68 
CP  52-68 
CP  44-101 
CP  52-68 
NCo  310 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  52-68 
CP  48-103 
CP  47-193 
CP  55-30 
CP  52-68 
NCo  310 
NCo  310 
NCo  310 
CP  52-68 
CP  55-30 
L  60-25 
CP  52-68 
CP  48-103 
L  60-25 
CP  52-68 
CP  48-103 


RESULTS  AND  DISCUSSION 

Topsoil  N  and  sugarcane  yield  data  are  contained  in  Table  2.   The  lowest  amount  f^f\\f6 «• 
was  found  in  Test  No.  9,  which  was  conducted  on  a  Cypremort  loam,  and  the  highest,  .154/,  was  in  Test  No 
28  on  a  Mhoon  silty  clay  loam.   Yield  increases  due  to  fertilizer  N  in  those  tests  were  3.92  and  9  37  tons 
per  acre  respectively.   The  mean  yield  increase  from  all  tests,  6.95  tons  per  acre  (32%),  was  highly 
significant. 

Figure  1  shows  the  relationship  between  topsoil  N  contents  and  cane  yield  increases  which  were  due  to 
fertilizer  N.   The  correlation  was  low  (r  =  .323)  but  was  statistically  significant. 

The  correlations  between  topsoil  N  and  cane  yield  from  the  check  (r  =  -.281)  and  between  topsoil  N 
and  cane  yield  from  the  treated  plots  (r  =  -.077)  were  not  significant. 

The  data  in  Table  3  show  means  of  soil  N  and  sugarcane  yields  from  medium-coarse  to  medium  and  f rom 
,,„m  tn   mpdium-fine  textured  soils.   The  means  were  calculated  from  data  in  Table  2.   Of  the  38  test 
"cations       r     Sium-coarse  to  medium-textured  soils  (loam  and  silt  loam)  and  16  were  on  medium- 
to  medium-fine  textured  soils  (silty  clay  loam  and  silty  clay).   From  the  information  presented  in  Table  3 
it  can  be  seen  that  the  mean  yields  from  treated  plots  on  the  coarser  and  finer  textured  soils  were  approx- 
imately equal  and  that  the  greater  mean  increase  from  the  tests  on  finer  textured  soils  was  associated 
with  a "relatively  low  mean  yield  from  the  checks.   The  difference  in  mean  yields  from  check  plots  on  the 
coarser  and  finer  textured  soils,  3.96  tons  per  acre,  approached  significance.   The  difference  in  mean 
increases  in  yield  on  the  coarser  and  finer  textured  soils,  4.18  tons  per  acre,  was  significant. 
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Table  2.   The  relationship  of  soil  nitrogen  to  sugarcane  yield. 


Test 
Number 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


Topsoil 

N 


Cane  yield 


Check 


.089 

.064 

.066 

.147 

.125 

.066 

.067 

.095 

.062 

.068 

.095 

.068 

.071 

.086 

.105 

.069 

.105 

.142 

.077 

.071 

.105 

.085 

.093 

.077 

.081 

.095 

.093 

.154 

.109 

.108 

.097 

.085 

.096 

.090 

.088 

.121 

.112 


17.60 
18.70 
16.90 
9.34 
17.60 
14.40 
20.60 
22.80 
27.88 
25.60 
21.28 
14.65 
27.29 
36.76 
29.26 
28.09 
18.48 
17.64 
24.22 
19.89 
14.64 
25.91 
16.64 
40.85 
21.59 
23.71 
20.94 
24.19 
22.79 
14.38 
16.20 
16.89 
18.86 
20.51 
30.09 
15.80 
22.99 
20.63 


Treated-^ 


Net  tons/acre 

21.30 

24.10 

25.40 

17.08 

28.20 

19.00 

25.40 

30.40 

31.80 

32.00 

26.47 

19.20 

38.57 

41.12 

37.09 

28.59 

25.05 

33.59 

31.31 

29.85 

23.66 

29.93 

31.66 

41.36 

25.82 

33.08 

38.45 

33.56 

25.55 

18.12 

23.34 

20.99 

32.19 

28.29 

37.14 

19.80 

28.41 

23.98 


Increase 
over  check 


3.70 
5.40 
8.50 
7.74 
0.60 
4.60 
4.80 
7.60 
3.92 
6.40 
5.19 
4.55 

11.28 
4.36 
7.83 
0.50 
6.57 

15.95 
7.09 
9.96 
9.02 
4.02 

15.02 
0.51 
4.23 
9.37 

17.51 
9.37 
2.76 
3.74 
7.14 
4.10 

13.33 
7.78 
7.05 
4.00 
5.42 
3.35 


1/ 


Treated  with  fertilizer  N. 


Table  3.   Means  of  soil  nitrogen  contents  and  sugarcane  yields  from  medium-coarse  to  medium  and  from 
medium  to  medium-fine  textured  soils. 


Soil  texture 


Mean  topsoil  N 


Mean  cane  yield 


Check 


Treated 


Medium  coarse  -  medium  — 
Medium  -  medium  fine— 


1/ 


% 
.079 

.111 


Increase  over 
check 


23.16 
19.20 


Net  tons/acre 
28.35 

28.57 


5.19** 
9.37** 


**  Significant  at  the  1%  level  of  probability. 

-  Means  are  from  all  test  locations  shown  in  Table  2  where  soils  were  classed  as  loam  (1)  and  silt  loam 
(sil) . 

2/ 

-  Means  are  from  all  test  locations  shown  in  Table  2  where  soils  were  classed  as  silty-clay  loam  (sicl) 
and  silty-clay  (sic) . 
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Fig.  I.   The  relationship  of  topsoil  N  contents  and  sugarcane  yield  increases  as  influenced 
by  fertilizer  N. 

The  tendency  for  lower  yields  to  occur  in  check  plots  on  the  finer  textured  soils  (Tables  2  and  3)  was 
apparently  dueTin  part,  to  poorer  nutrition  as  influenced  by  low  oxygen  contents  and  poor  root  development 
2  thTsubsoil  (6).   The  generally  higher  yield  responses  to  fertilizer  N  on  the  finer  textured  soils  were 
apparently  die  to  the  greater  dependence  of  the  sugarcane  roots  on  N  in  the  topsoil,  supplied  largely  from 
fertilizer.  A  actor  that  may  have  favored  yield  increases  on  finer  textured  soils  is  the  probability  that 
Inching  losses  during  the  growing  season,  following  application  of  N,  were  lower  than  on  coarser  textured 
soils"  and  we"  sufficiently  lower  to  exceed  any  relatively  greater  losses  of  N  that  may  have  occurred  by 
volatization  from  finer  textured  soils  during  short  periods  of  high  soil  moisture  content. 

In  a  separate  study  (5),  where  fertilization  and  variety  treatments  were  .constant  ab °ye"^nJ  ^ S 
of  stubble  cane  grown  on  Baldwin  silt  loam  (relatively  coarse-textured)  contained  3.63  lb  of  N  per  ton  of 
millable  cane  or  143.0  lb  per  acre  at  harvest  and,  on  Iberia  clay  (fine-textured),  contained  3.07  lb  of  N 
per  Sn of  millable  cane  or  112.5  lb  per  acre  at  harvest.   The  LSD  (.05)  values  were  .19  lb  per  ton of 
millable  cane  and  9.0  lb  per  acre.   Cane  yield  on  the  Baldwin  soil  was  39.40  tons  per  acre  and  on  the  Iberia 
soil  was  36.66  tons  per  acre.   The  LSD  (.05)  for  cane  yield  was  2.45  tons  per  acre. 
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USING  FUNGICIDES  ON  MECHANICALLY  HARVESTED  SUGARCANE  SEEDPIECES  TO  INCREASE  YIELDS 
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Belle  Glade,  Florida 

Jack  L.  Dean 
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ABSTRACT 

Two  levels  of  two  fungicides  and  a  check  without  any  fungicide  were  applied  to  two  seedpiece  lengths 
of  two  sugarcane  varieties  in  a  factorial  experiment  to  measure  their  effect  on  shoot  emergence,  final 
stalk  population,  and  resultant  yield.   Plant  populations  were  determined  from  initial  germination  to 
harvest.   Seedpiece  length  and  fungicide  treatment  were  found  to  influence  shoot  emergence,  final  stalk 
populations,  and  cane  yield.   No  yield  differences  were  found  with  the  lower  seed  application  used  this 
year  and  the  higher  seed  application  rate  used  last  year  in  similar  treatments.   The  best  treatment  com- 
bination appeared  to  be  the  lower  level  of  captafol  applied  to  the  long  seedpieces.   The  yield  from  long 
seedpieces  that  received  this  treatment  was  18  percent  higher  than  that  of  the  untreated  long  seedpieces. 
It  appears  that  furrow-spraying  of  captafol  on  mechanically  harvested  seedpieces  will  increase  cane  yields 
at  harvest. 

INTRODUCTION 

Increasing  stalk  populations  within  a  sugarcane  variety  generally  offers  a  means  of  increasing  tonnage 
yields  and,  thereby,  lowering  production  costs  per  ton.   Researchers  in  addition  to  the  present  authors 
have  reported  that  the  use  of  fungicides  increased  stands  of  cane  (1,2,3).   The  fungicides  have  usually 
been  applied  by  dipping  the  seedpieces  in  a  solution.   Previously  we  reported  on  the  use  of  two  fungicides, 
captafol  and  benomyl  applied  by  spraying,  which  increased  plant  population  but  did  not  increase  tonnage 
yield  at  harvest  (5).   The  lack  of  yield  difference  was  attributed  to  excellent  stands  of  sugarcane  in  all 
test  plots.   Another  experiment  was  planned  in  which  the  planting  rate  was  reduced  to  obtain  a  lower  stand. 
We  decided  to  plant  only  a  single  continuous  line  of  cane  and  to  test  two  levels  of  each  of  two  fungicides, 
capafol  and  guazatine.   Guazatine  was  found  to  increase  populations  in  South  Africa  in  some  instances  (2). 
The  objective  of  this  experiment  was  to  determine  whether  a  fungicide  applied  by  spraying  in  the  furrow 
would  increase  both  plant  populations  and  yields  from  mechanically  harvested  seedpieces. 


PROCEDURES 


We  considered  three  factors  that  could  influence  stalk  population  and  cane  yield:   (a)  variety, 
(b)  seedpiece  length,  and  (c)  fungicide.   The  experimental  design  was  a  split-plot  block  in  which  varieties 
were  main  plots  and  combinations  of  the  fungicides  and  seedpiece  lengths  were  subplots.   Main  plots  were 
replicated  four  times.   Subplots  were  single  rows  8  m  long  and  1.7m  wide,  separated  within  a  row  by  a  1-m 
al leyway . 

The  treatments  in  the  experiment  consisted  of  combinations  of  two  sugarcane  varieties  (CP  63-588  and 
CP  65-357),  two  average  seedpiece  lengths  (short  and  long),  and  two  levels  of  two  fungicides  (captafol  at 
971  and  1941  ml /km  of  row  length  and  guazatine  at  21  and  42  ml/km  of  row  length)  and  a  check  for  which  no 
fungicide  or  spray  was  applied.  We  purchased  the  captafol  as  a  commercially  available  liquid  formulation 
containing  0.481  kg/i  of  active  ingredient.  The  guazatine  was  supplied  as  a  liquid  containing  60  percent 
active  ingredient.   Application  rates  are  based  upon  the  liquid  formulation  as  supplied. 

We  used  a  Massey-Ferguson  201  -  chopper  harvester  in  the  experiment  to  cut  the  seed  cane  and  to  cut 
the  cane  at  harvest.   The  short  seedpiece  length  used  (24.3  ±  5.4  cm)  was  the  average  length  normally 
delivered  by  the  harvester,  and  the  long  seedpiece  length  used  (42.2  ±  10.1  cm)  was  obtained  by  removing 
one  set  of  the  chopping  knives  from  the  harvester.   Seed  material  was  planted  as  delivered  by  the  harvester, 
and  about  11  percent  of  the  eyes  had  been  damaged  by  the  harvester. 

Seed  material  was  harvested  and  planted  in  organic  soil  at  Canal  Point,  Florida,  on  January  5,  1978. 
One  continuous  line  of  cane,  half  the  normal  planting  rate,  was  laid  in  the  open  furrows,  and  the  plots 
were  hand-sprayed  with  fungicide  before  the  seed  cane  was  covered.   A  constant  amount  of  water  (122.5  1/km 
of  row  length  with  captafol  and  78.5  1/km  of  row  length  with  guazatine)  was  applied  for  each  fungicide 
treatment.   The  liquid  fungicides  were  mixed  with  water  and  applied  by  using  hand  sprayers  equipped  with 


1/  T  A 

irade  names  or  company  names  are  used  in  this  publication  solely  to  provide  specific  information.   Mention 
of  a  trade  name  does  not  constitute  a  guarantee  or  warranty  of  the  product  by  the  U.S.  Dept.  of  Agriculture 
or  an  endorsement  by  the  Department  over  other  products  not  mentioned. 
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pressure  gauges.   A  constant  pressure  was  maintained  in  the  sprayer,  and  a  worker  simply  walked  back  and 
forth  applying  the  spray  to  each  plot  for  a  certain  time  to  obtain  uniform  coverage. 

Between  the  beginning  of  shoot  emergence  and  harvest,  the  stalks  in  each  plot  were  counted  12  times, 
the  interval  depending  upon  the  expected  population  change.   The  cane  was  harvested  on  December  21,  1978 
and  the  cine  from  each  subplot  was  weighed.   Standard  statistical  procedures  (analysis  of  variance  and  lsd 
means  for  treatment  differences)  were  used  to  determine  significant  differences  between  populations  and 
between  cane  yields  resulting  from  the  different  treatments  (6) . 

RESULTS 

Shoot  populations  increased  rapidly,  as  is  normal  in  Florida  during  early  summer   and  peaked  daring 
the  latter  part  of  June.   As  stalks  became  shaded  and  died,  populations  then  decreased  rapidly  until  the 
end  of  August'leveled  off  until  October,  and  then  decreased  again  slightly  between  October  and  harvest 
in  December  data  not  shown).   Results  of  the  statistical  analysis  (analysis  of  variance  F  va  us of  he 
data  are  shown  in  Table  1.   The  varieties  exhibited  large  differences  because  they  were  selected  for  diverse 
stalk  and  growing  characteristics.   Seedpiece  length  and  fungicide  treatment  were  the  two  factors  that 
arrectS  stalk  population  within  each  variety  over  the  growing  season.   Both  factors  decreased  ^signifi- 
cance as  the  growing  season  progressed,  but  were  still  highly  significant  at  harvest   High  populations  in 
early  growth  resulted  in  high  populations  and  high  cane  yields  at  harvest.   The  most  important  result,  and 
Te  which  we  did  not  fLd  in  the'previous  experiment  (5),  was  that  cane  yield  was  affected  by  the  fungicide 
treatments. 


Table  1. 


Dates 


Analysis  of  variance  F  values  for  12  population  counts  and  final  yields  for  two  sugarcane 
varieties,  two  seedpiece  lengths,  and  two  fungicides  at  two  levels  compared  with  a  check. 

Variety         Length       Fungicide  VxL  VxF LxF 


VxLxF 


02/24/78 
03/10/78 
03/21/78 

04/05/78 
04/20/78 
05/05/78 

05/19/78 
06/01/78 
06/15/78 

07/08/78 
08/30/78 
12/20/78 


205*** 
35** 

12* 

1 

8 

29* 

49** 

84** 

147** 

70** 
79** 

168** 


49*** 

5  5*** 
2  7*** 

33*** 
83*** 
53*** 

33*** 

24** 
20*** 

6* 
22*** 
12*** 


g*** 

10*** 

8*** 

8*** 
9*** 
8*** 

5*** 

4** 

4** 

4** 

2 
6*** 


10*** 
19*** 
18*** 

3 
5* 

4 

2 
2 
2 


3* 

4* 
3* 


3* 
3* 
2 

3* 
3* 
3* 

2 

1 
1 

1 
1 
2 


2 
4** 

2 


6*** 
5*** 


5**5' 


Final  Yield 


12* 


23*** 


10*** 


4** 


5*** 


12*** 


V 
* 

** 
*** 


Variety,  L  =  Length,  F  =  Fungicide 
Significant  at  the  0.05  level 
Significant  at  the  0.01  level 
Significant  at  the  0.005  level 


Previous  studies  (4,5)  indicated  that  seedpiece  length  affects  shoot  emergence.   At  75  days  after 
planting  we  found  similar  results  in  this  experiment;  long  seedpieces  produced  24  percent  more  shoots  than 
the  short  seedpieces  (Table  2).   The  average  number  of  emerged  shoots  after  the  captafol  treatments  was  24 
Percent  greater  than  hat  for  the  treatments  without  any  fungicide.   The  guazatine  treatments  did  not  in- 
crease shoot  populations  over  those  of  treatments  without  any  fungicide.   Analysis  of  the  vane  y  X  length 
means  showed  that  long  seedpieces  of  CP  63-588  produced  more  shoots  thandld  short  se^p.eceso   that 
variety   The  analysis  also  showed  no  differences  in  shoot  emergence  of  CP  65-35  7  with  respect  to  seeapiece 
length!'  Analysis  of  the  variety  X  fungicide  means  on  other  earlier  counting  dates  showed  that  the  fungicide 
treatments  on  the  long  seedpieces  enhanced  shoot  emergence  more  than  they  did  on  the  short  seedpieces,  a 
result  not  readily  explainable. 

Stalk  populations  at  harvest  followed  shoot  emergence  trends.   The  long  seedpieces  produced  13  PJ«ent 
more  stalksYt  harvest  than  those  of  the  short  seedpieces  (Table  3).   The  captafol  trea  ments  averaged  11 
percent  more  stalks  at  harvest  than  those  of  treatments  without  any  fungicide.   The  guazatine  treatments 
did  not  increase  stalk  population  at  harvest  over  those  of  treatments  without  any  fungicide. 


17 


Table  2.   Shoot  populations  (1000/ha)  75  days  after  planting  for  two  sugarcane  varieties,  two  seedpiece 

lengths,  and  two  fungicides  at  two  levels  and  a  check,  Canal  Point,  Florida.* 

„   •  CAPTAFOL  ''  GUAZATTNF 

Variety      Seedpiece  Length     Check  T97T^l7^r~  (1941  ml/km)     (21  ml/km)      (42  ml/ta,)- 


CP  65-357 


CP  63-588 


Short 
Long 

Short 
Long 


12.3 
10.9 

12.9 

14.7 


12.3 
13.2 

17.1 
22.8 


13.2 
14.9 

13.1 
19.7 


FUNGICIDE  AVG.  (lsd  0.05  =  1.8)      12.7 


16.4 


15.2 


*  Each  treatment  value  shown  represents  the  average  of  four  replications. 


10.7 
12.3 

12.5 
16.1 


12.6 


11.2 
11.2 

7.9 
19.2 


12.1 


Table  3.   Stalk  populations  (1000/ha)  at  harvest  for  two  sugarcane  varieties,  two  seedpiece  lengths 


Variety 

See 

dp 

iece  Length 

Check 

CAPTAFOL 

oriaa 

GUAZATINE 

(971  ml/km) 

(1941  ml/ 

km) 

(21  ml/km) 

(42 

ml/ km) 

CP  65-357 

Short 

Long 

79.0 
78.5 

80.7 
95.8 

82.5 
85.3 

78.7 
83.6 

77.4 
89.9 

CP  63-588 

Short 
Long 

62.7 
71.1 

72.2 
83.8 

70.0 
77.8 

63.4 
74.8 

54.2 
74  1 

FUNGICIDE 

AVG. 

(1 

sd 

0.05  = 

4 

9) 

72.8 

83.1 

78.9 

75.1 

73.9 

*Each  treatment  value  shown  represents  the  average  of  four  replications. 

Gross  cane  yields  at  harvest  are  shown  in  Table  4.   These  yields  compared  very  favorably  with  those 
we  reported  previously  for  seedpieces  without  heat  treatment  at  twice  the  seed  application  rite   5)   At 
harvest   he  yield  from  long  seedpieces  was  8  percent  greater  than  that  from  the  short  seedpieces   Both 
captafol  treatments  and  the  low  level  of  guazatine  treatment  averaged  9  percent  higher  cane  yields  than 
those  of  treatments  without  any  fungicide.   The  higher  level  of  guazatine  did  not  increase  cane  y Lid  over 
that  of  treatments  without  any  fungicide  and  cannot  be  recommended.   Analysis  of  the  length  X  fungicide 

hardest  than      T     7   ^  °f  CaPt3fo1  aPPlied  0n  the  long  "edplecea  produced  more^ane  yield  at 

"   p   m T     X"    f"ngTde  tre™nt  ^Plied  to  long  seedpieces.   With  this  treatment  cane  yield  was 
18  percent  higher  than  that  from  the  long-seedpiece  treatments  without  any  fungicide.   Within  the  short 
seedpieces,  both  captafol  treatments  and  the  low  level  of  guazatine  increased  cane  yields  over  those  re- 
sulting from  treatments  without  any  fungicide.   The  yield  from  short  seedpieces  that  received  the  higher 
level  of  guazatine  was  less  than  that  of  the  short-seedpieces  that  received  no  fungicide  treatment 


Table  4.   Gross  yields  (t/ha)  at  harvest  for  two  sugarcane  varieties,  two  seedpiece  lengths  two 
fungicides  at  two  levels,  and  a  check,  Canal  Point,  Florida.* 


Check 


Variety Seedpiece  Length 

CP  65-357  short 

Long 

CP  63-588  short 

Long 

FUNGICIDE  AVG.  (lsd  0.05  =  6.3)     122.3 


118.6 
113.9 

125.1 
131.8 


CAPTAFOL 


(971  ml/km)    (1941  ml/km)    (21  m1/km) 
122.1        132.7  126.5 

138.3        127.9  134.7 


135.5 
152.8 


126.2 

144.2 


137.2 


132.8 


*  Each  treatment  value  shown  represents  the  average  of  four  replications, 


GUAZATINE 


136.2 
129.4 


131.7 


(42  ml/kmT 
116.1 
135.3 

103.4 
130.4 


121.3 
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CONCLUSION 

The  application  of  a  captafol  spray  to  mechanically  harvested  seedpieces  lying  in  opened  furrows 
before  cohering  appears  to  enhance  shoot  emergence,  to  increase  stalk  populations  at  harvest  and  to 
increase  caL  yielSs.   The  yields  compared  favorably  with  those  reported  previously  for  seedpieces 
planted  at  twice  the  rate  used  in  this  study.   Further  research  to  determine  the  optimum  levels  of  captafol 
or  other  fungicides  for  furrow-spraying  on  mechanically  harvested  seedpieces  is  needed. 
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ABSTRACT 

,u   T^°r±Ca11?'  ffn  P^antin8  of  sugarcane  was  a  common  practice  in  South  Texas  during  the  early  1900's 
Cowlev  mrYS  ^f^  reference  to  planting  dates  in  the  existing  literature  (6).   In  the  early  1970' s 
Cowley  (5)  observed  differences  in  growth  and  development  of  cane  planted  on  different  dates-  however  a 
comprehensive  study  to  determine  the  optimal  planting  dates  was  not  undertaken  at  that  time!'  in their 


feasibility  study  for  the  re-establishment  of  a  sugarcane  industry^ I  the  Lower  Rio  G  andeVal  ey  F  , 
^^£"S£3.£5)  S6leCted  faU  °r  6arly  Wint6r  Planti-  dat6S  *  ^  ^J-ctioo  of  product 

(2      /T^  inA°ther  area*  ^as  shown  differential  varietal  response  in  yield  to  changes  in  planting  dates 
^  ,1      '      ?"   fcerau!\(2'3)'  workin8  in  Louisiana,  found  that  fall  planting  dates  produced  better  yieJd 
and  the  most  productive  planting  date  differed  among  varieties.   Later,  Matherne  (8,  9)  found  the  same  sig- 
nificant interaction  between  varieties  and  yield  of  cane  and  sugar  per  hectare  at  different  pitting  da  es 

tlnlt   of  ^U1Slana'  FangUy  anf  Benda  <7>  showed  tha<  spring  plantings  produced  yields  considerably  below 
those  of  the  same  varieties  planted  in  the  fall.  '    uw 

Elsewhere,  higher  yields  of  cane  were  obtained  in  the  Imperial  Valley  of  California  from  August  and 
October  plantings  than  from  those  plantings  made  in  November  and  December  (4) .   Ramos  and  Milo  <5)  reported 
contSent  of  ISica!   r6SP°nSe  "°   PlaUting   ^   ^  '^  ^±e^s   NC°  31°  3nd  NC°  376  in  Mozambique  on  the 

It  has  become  apparent  in  recent  years  that  information  on  optimal  planting  dates  be  determined  for  the 
major  varieties  grown  in  South  Texas  to  maximize  yield.   This  paper  will  show  the  effects  of  four  planting 
dates  on  yield  components  of  five  sugarcane  varieties  in  the  Lower  Rio  Grande  Valley  of  Texas.     piantlng 

METHODS  AND  MATERIALS 

With  the  development  of  the  Texas  sugarcane  enterprise,  programs  to  develop  optimum  production  prac- 
tices early  indicated  the  further  need  of  definitive  data  relative  to  planting  date  and  varietal  response 
interactions   Trials  were  conducted  at  Weslaco,  Texas,  to  study  the  effects  of  planting  St s  on  y  '"com- 
ponents of  five  varieties  of  sugarcane  during  the  1975-76  and  1976-77  production  seasons. 

1975-76  Trials 
four  Splicftionsf  ^^   date  °n  yield  C™P°™^   was  studied  in  randomized  complete  block  experiments  with 

F   1  ^f^lt   va^ies  selected  for  study  along  with  their  maturity  classifications  are  as  follows: 
Early:  L62-96,  CP  57-614;   Mid-Season:  CP  65-357,  CP  61-37;   and  Late:  NCo  310. 

The  test  site  was  routinely  prepared  for  the  plantings  as  scheduled.   The  seed  cane  of  each  variety  was 
double  line  planted  at  152  cm  row  spacings.   The  plots  were  four  rows  wide  and  9.2  m  in  length.   Nitrogen 

fl-L  if"  r%"?? "f  "V  k8/ha  ^  al1  Pl°tS  WerS  irrigated  as  -^ed.   Insect  control  measures  weS  ap- 
plied as  infestation  levels  warranted;  and  all  plots  were  maintained  relatively  free  of  weeds. 

all  plots^s  £TeLTr\?\™T. "   "   ^   *"  ^^    t0  ^^  *"  8h0Wn  in  Table  U      ^^   date  *« 


1976-77  Trials 


The  procedures  followed  in  conducting  the  trials  in  1976-77  were  identical  to  those  of  1975-76   The 
planting  dates  number  of  days  to  harvest  and  harvest  dates  are  shown  in  Table  1.   However,  it  should  be 

later  t   the  JrZ       ll  * ,*""  "**   *  "^  e"ller  in  the  fal1  and  the  last  planting  date  —  a  ™«h 

later  in  the  spring;  the  growing  season  was  extended  at  one  end  of  the  planting  cycle  and  correspondingly 
snortened  at  the  other. 
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Table  1.   Planting  dates  and  number  of  days  to  harvest  for  a  two-year  period. 
Planting  Dates - 


No.  Days  to  Harvest 
1975-76 


Harvest  Dates 


November  17,  1975 
December  15,  1975 
February  9,  1976 
March  17,  1976 

October  10,  1976 
February  18,  1976 
March  22,  1977 
April  29,  1977 


393 
364 
309 

273 

1976-77 
426 
311 
279 
241 


December  15,  1976 
December  15,  1976 
December  15,  1976 
December  15,  1976 

December  13,  1977 

December  13,  1977 

December  13,  1977 

December  13,  1977 


The  two  inside  rows  of  each  plot  were  hand  -for  yield  meas  ™ent   ^  15  stal,  sample^ta^ 
trom  each  plot  and  milled  once  through  a  3-roll  mxll  for  ^^e quality  (Meade-Chene)  .   June 

by  hydrometer,  pol  by  ^£^^^\^^£^t£   Laboratory,  Weslaco,  Texas.   Stalk 
analyses  were  made  by  the  SLA,  UbUA,  rooa  uup  ^rmmnet.   mf„rP  internode-  individual  stalk  weight 

heights  were  recorded  from  the  base  of  the  P  a-s  to  the  top  -  ^™°^were  hand  cleaned  for  de- 
was  computed  as  the  average  weight  of  the  li-staiK  sampler, 
termination  of  trash  percentages. 

Both  experiments  were  analyzed  as  completely  randpmized  designs  with  four  replications  per  treatment. 
Duncan's  multiple  range  test  was  conducted  on  both  trials. 

RESULTS  AND  DISCUSSION 

A  review  of  weather  records  in  the  Lower  Rio  Grande  Valley  would  tend  to   indicate  ^e feasibility  of 
fall  planting  dates.  Daily  normals  of  temperature  at  Weslaco  Texas  in  the  -d  Valley  area         ry 
the  coldest  month  of  the  year,  show  an  average  min™  ^^e  of  51.   F.  7  .^.^ 

however,  thee  were  11  occurrences  of  temperatures  of  32  deS  e"n  5  be  ^^  ^  r  ?ture  are  inC0mplete; 

=  a?KTa£  T^i-^pi  SSSsS  ^  ""—  -— 

potentials  following   destruction  of   top   growth  may  well   differ  with  varieties. 

1975-76   Trials 
As  adapted   fr«  „ete„rologic,l   records  co.piled  by   the  Texas ^'^f^^l^TLf -fc,"."'* 
Serr/e  S^S^Y^  cTK™  ded  STS^'T^  ~   corded  ^   tee 
period  November,    1975,    through  April,    1976. 

u    ,-    ~f    ,1=,,,=   w-ii-h    &0°F   and  below,  absolute  minimum   temper- 
Table   2.      Monthly  mean  minimum  temperatures,   number  of   days  with  40 i    and   Deiow, 

atures  and  date  of   occurrence   during   the  period  October   through  April.   1/ 


Monthly  Mean  Minimum 
No.    Days  40°F  and  Below 

Absolute  Minimum  Temp. 

Date  of   Occurrence 


Monthly  Mean  Minimum 
No.    Days  40°F  and  Below 
Absolute  Minimum  Temp. 
Date   of   Occurrence 


October 


November 


1975-76 
December  January  February 


March 


63.8 

57.3 

51.0 

48.8 

55.: 

0 

3 

4 

5 

3 

55° 

37° 

36° 

29°  U 

39° 

4 

27 

19 

8 

1 

61.8 
0 

46° 

17 


April 

65.7 
0 

51° 

1 


1976-77 


59.1 

50,6 

48.3 

45.7 

51.6 

60.0 

63.5 

0 
50° 

3 
39° 

3 

34° 

11 
29°2/ 

2 
37° 

0 
41° 

0 
49° 

5 

3C 

14 

3 

10 

16 

8 

1/  Meteorological  Record,   Texas  Agricultural   Experiment   Station,   Weslaco,   Texas. 
2/  Frost  recorded. 
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The  data  compiled  from  the  trials  conducted  in  the  1975-76  season  are  presented  in  Table  3. 

Table  3.   ^effects  of  f our  planting  dates  on  yield  parameters  of  five  sugarcane  varieties  at  Weslaco, 


Planting 

Dat 

es 

NCo  310 

CP  65-357 

CP  61-37 

CP  57-614 

L  62  96 

Yield  of  Cane  per 

Hectare  (m  Tons) 

November 

17, 

1975 

124.10 

a 

2/ 

85.79  C 

88.26  c 
77.28  cd 
58.46  gh 
53.76  f-h 

80.19  c 
73.02  c-e 
63.39  d-g 
47.71  gh 

December 
February 
March 

16, 

9, 

17, 

1975 
1976 
1976 

108.64 
80.19 
77.28 

b 
c 
cd 

62.05  d-h 
38.38  e-h 
46.37  h 

64.74  d-f 
48.16  gh 
49.28  gh 
49.95  gh 

Yield  of  Sugar 

per 

m 

Tons  (kg) 

November 
December 
February 
March 

17, 

16, 

9, 

17, 

1975 
1975 
1976 
1976 

107  f 
111  e 
115  d 
118  c 

114  d 
120  b 
110  e 
118  c 

108  f 
107  f 

114  d 
117  c 

121  b 

124  a 

125  a 
124  a 

100  e 
114  d 
118  c 
117  c 

November  17, 

1975 

13.28  a 

9.78  c 

December  16, 

1975 

12.06  b 

7.45  fg 

February   9 , 

1976 

9.22  cd 

5.32  j 

March    17, 

1976 

9.12  cd 

5.47  j 

Yield  of  Sugar  per  Hectare  (m  Tons) 

9.53  c 
8.27  d-f 
6.66  g-i 
6.29  gh 


Average  Stalk  Weight  (kg) 


November 

1/, 

1975 

1.20 

c 

1.27  c 

December 

16, 

1975 

1.18 

d 

1.02  e 

February 

9, 

1976 

0.85 

f 

0.82  f 

March 

17, 

1976 

0.73 

g 

0.73  g 
Heighl 

November 

17, 

1975 

191  a 

180  ab 

December 

16, 

1975 

175  b 

168  be 

February 

9, 

1976 

153  cd 

145  cd 

March 

17, 

1976 

140  de 

145  cd 

1.17  d 
1.14  de 
0.91  f 
0.73  g 


175  b 
162  be 
138  e 
142  de 


9 

.70 

c 

9 

.06 

c- 

-3 

7 

92 

e- 

-8 

5 

92 

h- 

■j 

1 

50 

b 

1. 

27 

c 

0. 

91 

f 

0. 

82 

f 

191  a 
178  ab 
170  be 
147  cd 


1/  Harvest  date:   December  15,  1976. 

2/   Means  followed  by  different  letters  differ  significantly  at  P  -  0.01. 


7 

.12 

fg 

5 

.49 

ij 

5 

.82 

h-i 

5 

.84 

h-j 

1 

86 

a 

1 

41 

b 

1 

04 

de 

0 

82 

f 

188  a 
168  be 
155  c 
150  cd 


The  varieties,  NCo  310,  CP  65-357  and  L  62-96  produced  significantly  greater  seasonal  yields  from  the 
November  planting  than  at  any  later  planting  date. 

The  yields  of  the  December  plantings  of  NCo  310  and  CP  61-37  were  significantly  greater  than  those 
harvested  from  February  and  March  plantings;  within  varieties,  the  yields  produced  from  February  and  March 
plantings  were  not  significantly  different. 

NCo  310  was  significantly  superior  to  the  other  varieties  in  yields  at  all  planting  dates,  but  the  yields 
of  CP  65-357,  CP  61-37,  CP  57-614  and  L  62-96  were  not  significantly  different  at  harvests  of  the  February  and 
March  plantings. 

Data  relative  to  stalk  heights  are  indicative  of  a  decreasing  trend  in  growth  with  delayed  planting  dates; 
however,  only  in  NCo  310  was  this  trend  significantly  consistent  throughout  the  planting  cycle.   There  were  no 
significant  differences  in  the  heights  of  cane  plants  harvested  from  February  and  March  plantings. 

With  exception  of  CP  61-37  from  the  harvests  of  November  and  December  plantings,  the  average  stalk  weights 
showed  a  significant  decreasing  trend  with  the  delay  in  plantings. 


In  yields  of  sugar  per  ton  of  cane,  recoveries  with  NCo  310  demonstrated  significant  upward  trends  with 
delayed  planting  dates;  the  yields  of  CP  65-357  were  significantly  higher  from  the  December  planting;  the 
greatest  yield  of  CP  61-37  was  obtained  from  the  March  planting.   The  yields  of  CP  57-614  were  the  highest  of 
all  varieties  at  all  planting  dates  but  did  not  differ  significantly  at  the  harvests  of  the  last  three  planti 
dates. 


Within  varieties,  sugar  yields  per  hectare  for  all  but  CP  57-614  and  L  62-96  were  significantly  greater 
from  harvests  of  the  November  planting.   The  yields  of  NCo  310,  CP  65-357,  and  CP  61-37  from  the  December 
planting  were  greater  than  those  of  the  February  and  March  plantings;  L  62-96  and  CP  57-614  exceptions,  without 
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1976-77  Trials 

a       ■         M,.  7  976  77  planting  cycle  are  shown  in  Table  2.   Monthly  Mean  Minimum 
Temperature  data  recorded  during  ^  1976-77  planting c£       Temperatures  and  Date  of  Occurence  During 
Temperatures,  Number  of  Days  with  40°  F  and  "^^J^™, M^      and  February  of  1977  were  lower  than 
the  Period  October  1976  through  Aprxl  1977 •  W»£™  -      y^  3  ^  ^  ^^  1Q  burned  ^  tender 
those  of  the  corresponding  months  of  1976,  trosts 
growths  of  the  October  planting. 

Xbe  data  recorded  from  the  1976-77  planting  date  trials  are  presented  in  Table  4.   The  cane  yields 
harvested  in  1976-77  were  sharply  lower  than  those  of  the  1975  76  season. 

Within  varieties,  yields  of  the  October  Planting  -re  superior  to  those  ^g^^^S*^ 
of  NCo  310  declined  significantly  with  ^^^^f^f^ly  different  at  harvests  of  the  last  two 
at  all  planting  dates;  however,  the  yields  wer e  not  "S^ant  7  declined  in  the  February  planting 

planting  dates.   The  yields  of  CP  J1"^^  L^hfL^S  planting  dates.   There  was  sharp  reduction  in 
and  were  lower  but  not  significantly  dxf f er ent  at  the  last  two  plant  g  declined  at  the  February 

-t,    ^ij-  nf  TP  57-614  with  the  March  and  April  plantings.   me  yieiub 
planSg  butVere  not  sigtif icantly  different  at  the  March  and  April  dates. 

Table  4.   The  effects  of  four  planting  dates  on  yield  parameters  of  five  sugarcane  varieties  at 

Weslaco,  Texas,  1977  1/ 


Planting  Dates 


NCo  310 


CP  65-357 


CP  61-37 


CP  57-614 


L  62-96 


Yield  of  Cane  per  Hectare  (m  Tons) 


October  10,  1976 
February  18,  1977 
March  22,  1977 
April    29,  1977 


October  10,  1976 
February  18,  1977 
March  22,  1977 
April    29,  1977 


October  10,  1976 
February  18,  1977 
March  22,  1977 
April    29,  1977 


October  10,  1976 
February  18,  1977 
March  22,  1977 
April    29,  1977 


October  10,  1976 
February  18,  1977 
March  22,  1977 
April    29,  1977 


78.40  be  2/ 
68.10  de 
39.42  jk 
42.78  h-j 


108.42  a 
87.36  b 
46.59  hi 
50.62  gh 


86.24  b 
60.92  ef 
34.05 
26.43 


j-l 
lm 


56.22  fg 
40.32  i-k 
18.14  m 
21.50  m 


Yield  of  Sugar  per  m  Tons  (kg) 


115  fg 

123  e 

124  de 
109  h 


123  e 

129  c 

156  a 

128  cd 

127  d 

156  a 

119  f 

124  de 

137  b 

109  h 

115  fg 

126  d 

Yield  of  Sugar  per  Hectare  (m  Tons) 


9.02  b 
8.38  c 
4.87  ef 
4.66  ef 


13.34  a 

11.18  b 

5.54  e 

5.52  e 


11.13  a 
7.74  cd 
4.22  f 
3.04  g 


Average  Stalk  Weight  (kg) 


1.21  b 
0.86  c 
0.61  de 
0.55  e 


277  a 
197  b 
149  de 
133  fg 


1.11  be 
0.65  de 
0.55  e 
0.44  ef 


Height  of  Stalk  (cm) 

175  c 
151  de 
126  fg 
102  gh 


1.14  b 
0.83  cd 
0.54  e 
0.46  ef 


161  cd 
156  cd 
126  fg 
113  g 


8.74  d 
6.29  ef 
2.49  g 
2.70  g 


1.40  a 
0.90  be 
0.70  cd 
0.64  de 


76.83  cd 
48.83  g-i 
32.26  j-l 

35.17  j-l 


131  c 

127  d 

110  h 

97  i 


10.07  a 
6.20  cd 
3.55  f 
3.41  f 


1.52  a 
0.76  cd 
0.60  de 
0.63  de 


181  b 
125  gh 
130  fg 
117  gh 


151 

de 

125 

fg 

127 

fg 

113 

g 

1/  Harvest  date:   December  13,  1977. 

2/  Means  followed  by  different  letters  differ  significantly  at  P-0.01. 


23 


harvests  of  March  and  Aoril   n]anfl>e  significantly  different  within  varieties   in 


Planting  dat,s  were  «u  hut  significant.  1  L^in"  ne'a.st^Ks  mt^/Slu  S  "  61""  "T^" 
m  the  yields  of  sugar  at  harvests  of  the  last  two  plantings.  Tn"  sugar  SSdT of  1 f&'<£?  ,™5  d"11:'iS 
cantly  vlth  each  successive  planting  date.  yields  of  I  62-96  declined  signifl- 

thoseTSelet^erdat:  Xlfll^lLlT  EL^SS  TV?"'?  ^  ""   flrSt   *»  ^-^   »*! 
With   the  exception  of  CP  61-S  with  whLh  the Xri     Sant^  ill !      -^ lj  "  "T*  ^  Apr11  PlantlnSs" 
within  other  varieties  were  not   different  at  til  las?  two^ftS       ^  —   "*««»**7  W-    the  yields 


SUMMARY 


iengthse0rgr:wL°bs::so;;?  ib^s^s:  smelts*"1  resp;rr to  different  piant^ da-  - 

of  variations  within  and  between   seasons  P  ^^  WlU  be  re^uired  to  evaluate   the  effects 

the   W^tr^S^-^pJSiCOa£2da1;  19r~76   ^   ^   1976-77  3re  C°nsistent   in  demonstrating 

be   sustained   Z  plantings  mad"  SS ?  than  Februa^  "   ^^   ^  ^  substant^  reductions   in  yield  wil 
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THE  COMPARATIVE  EFFECTS  OF  PREEMERGENCE  HERBICIDES  USED  IN  PLANT  CANE  IN  LOUISIANA 

Ernest  R.  Stamper 

Department  of  Plant  Pathology  and  Crop  Physiology 

Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana   70803 

ABSTRACT 

Five  pree.ergence  «*  »  -f-   ^  ZffJSZS   several^aK^erels'esse.tiaU, 
use   in  Louisiana  sugarcane.     All  fiva  materials  have  **»  £  »£  chSia.U .     Sinbar,  Fanac,  and  Sencor  are 

present   time,    cannot  be  used   in  Louisiana   sugarcane. 

INTRODUCTION 

Five  preemergence  herbicides  are  either   Ef^^^^ST^:  'ugarclf  for  Several 
registered  and  labeled  for  use.      All  five  of   ^materials  have  be  taockdo«  ^^  but  are  con_ 

years.      These  preemergence  materxals    in   some  cases  nave  an  ea     y    v 
sidered   to  be  preemergence  herbicides. 

Tbe  purpose  of   this  studv  was  to  determine  the  comparative  effect  of   these  herbicides  on  the  yield  of 
sugarcane . 

MATERIALS   AND  METHODS 

A  Urge  number  of   fasts  „«  »ade  using  pree.erge ^^£™»Lt  IZ'UTlZTol  ITS' 

were  used. 

Panac  .as  been  used  as  a  herbicide   fan  a  number  ^m££?'£££jZZ  fheteastloJTof 
as  Laxona  is  tha  .oat  recently  labeled  herb ^^^'arS  or  labalad  f„r  nsa   in  sugarcane.     Velpar 

£  f  ne^na™  JiSTSSL.  the" ratted «•  «"   i-  -   -  **— '   ^    "   S°8"""e- 

Yields  were   taken  at   the  normal  harvest   time. 

RESULTS  AND  DISCUSSION 

«,.   ,nm        Tnere    is  very   little   difference 
to  ^irofVugSanetichTossibi,    ^S-^  ^S    *  ^  **"■ 

From  these  stadias  it  is  apparent   that  Velpar  fH  not  become  a  usef ul  -f^  "^can™ 
SiSSTS.  SS!  SS»rorh*:  £  ISrUSfUSS:  «--  *e  ased   on  ail    soil   types  at   rates 
higher  tiSn  is  required  to  give  acceptable  veed  and  grass  control. 

»either  Sinbar  nor  Senear  is  -"^^J^^^^S^^StLS^  t£t°conSSs 
in  much  of   tha  sugarcane  growing  area.     Fenac  is  the  »^  « e  ^         *       „f  sl„bar  „d  re„c  not  only  controls 
tha  browatop  p.aicum.      Data    in  *«   -  ■  -  »d     a  te   tha  M->  £_  ^^  ^   ^   ^  h„bIcides. 
browntop  panicum  but  also  does  not  attect   tne   yj-ex 
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Table  1 


Year 


The  comparative  yield  of  sugarcane  in  tons  per  acre  over  a  five  year 
herbicides  for  weed  and  grass  control. 


period  using  preemergence 


Location 
and  variety 


Untreated 
Check 


1974  St.  Gabriel  L  62-96 

1974  St.  Gabriel  CP  65-357 

1974  Alma  CP  48-103 

1974  Alma  CP  48-103 

1974  Alma  CP  48-103 


18.2 
28.6 
17.3 
17.0 
19.6 


1975  St.  Gabriel  (1st)  CP  62-96    10.3 

1975  St.  Gabriel  (1st)  CP  65-357   18.1 

1975  Alma  CP  65-357  17.9 

1975  Alma  CP  48-103  iq's 


1976  Magnolia  CP  65-357 

1976  Alma  CP  65-357 

1976  Allian 

1976  Alma  CP  65-357 

1977  St.  Gabriel  CP  65-357 
1977  St." Gabriel  CP  67-412 
1977  Alma  CP  65-69 

1977  Alma  CP  65-357  (1st) 

1978  St.  Gabriel  CP  65-357 
1978  St.  Gabriel  CP  67-412 
1978  Alma  CP  48-103 

1978  Alma  CP  65-357 

1978  Magnolia  CP  65-357  (1st) 

1978  Magnolia  CP  65-357  (2nd) 

1978  St.  Gabriel  CP  65-357  (1st) 

1978  St.  Gabriel  CP  67-412  (1st) 

1978  Alma  CP  65-357 

1978  Alma  CP  48-103 


25 

.5 

29 

.2 

20 

.6 

36 

.2 

18 

.1 

11 

.8 

22 

.0 

18 

1 

11 

3 

9 

5 

21 

5 

15. 

8 

19. 

9 

17. 

0 

13. 

3 

15. 

5 

15. 

8 

21. 

5 
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Commercial  product  applied  on  a  30  inch  band. 
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ABSTRACT 

levels  of  water  rats  after  the  1975-76  harvest  seaso  y  populations  occurred  in 

and  abundance  of  water  rats  were  also  eva uated  in  these  area Wat         ^  and  okeelanta,  re_ 
40.3  t  3.1  (SE)  %  and  80.4  ±  5.9  (SE)J  of  f^f^  ^JfJ  hlgJ  soil  organic  content.   Mechanical 
S^^- J^lT-tS^^^TtS^i I.?  0,^.   -.1.  control  strategies  and  the 
undlrlyinl  biological  rationale  are  suggested  by  these  results. 

INTRODUCTION 

the  15-30  hectare  fields  and  *v.  f-  damage  at  ™  .ndxea te_ .^  o£  undete„lned  atatus  „ 

of  their  burrow  systems  (3).   The  Florida  water  rat        ,npcial  Concern  by  the  Florida  Committee  on  Rare 
the  U.S.  Fish  and  Wildlife  Service  (5)  and  as  a  Species  of  SPe"al  C°""rnDy     therefore,  will  require 

and  the  U.S.  Fish  and  Wildlife  Service. 

METHODS 

Okeelanta  Division  of  Gulf  and  Western  Food  Products,  Inc.,  after  the  1975  76 

To  accurately  detect  the  presence  of  burrow  systems,  we  "aversed  the  fields  with  a  two-wheel  drive 
trail  motorcycle  at  approximately  100  »  intervals  to  provide   Hv«  f^-*?^,    range  =  3^34  days 
fields  were  observed  at  least  2  weeks  (x  -  43.1,  range   "-^    £  activity  following  this  disruption. 
2L°SSES  SSL-STU  h"e  SS5TKS  ".rTtT.^  preplan  »eld  preparation. 

^   f  m,,rk  at  their  burrow  entrance.   These  mounds  are  flattened  and/or  covered 
Water  rats  form  a  mound  of  muck  at  their  burrow  em.  therefore,  indicated  burrowing 

rh\"f  oc™edrf.^est?%eea"e"et   S^     a        „a     r     J  -«  --—    "  ~*~  — 

in  recording  presence  or  absence  of  the  species  were  negligible  in  all  areas  survey 


1/  Present  address:  Department  of  Experimental  Statistics,  Louisiana  State  University,  Baton  Rouge,  LA  70803. 
-     Address  reprint  requests  to  N.  R.  Holler. 
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viously  harvested  since  planting  fU  1 8  ™„n!i     i!   ftub°le  flelds  were  those  which  had  not  been  pre- 
Second'stubble  field'haf  £  HJergone ™  ond'ha  vS  5  e   °t  SS  '"'*  Underg°ne  firSt  ""^ 
at  the  titne  of  sampling),  'second  and  subs"  uent  s tub  e   ieids'na   0  S'L™*1^'^*1"  ^^  Standlng 
harvests.   Sampling  began  January  12,  1976,'and  was  complee  March   2   »  6  ^     °f  gr°Wth  betW6en 


RESULTS  AND  DISCUSSION 


and  0^\eIntr(87Srsug^La\\t;nta:L^ut   an"86  PJT\tl0n8   °f   ""^   """   in  b°th  USSC    C40.3Z) 
USSC    (Table    l,Fig.    })?   ^Tolu^ncf  ^^1   ridTwa  er   rar^e'th^1^    ^   °"   ^^   ""  " 

have  been  due   to  habitat  deficiencies        Most   fields    in    ttl  *   i  surveyed   areas   of  USSC  may 

production  since   the   1930's,    an     £  genera longer   than   those   of   th  °CC™r    (L—a)   had  been   in  sugar 

the  L-area  did   not   represen     newly   created   habitat        1  L  t  k^V.        gh   0ccurrence    (H-area)  .      Thus, 

colonies   per   inhabited    field    tha/thos      in  -  La  bl        f    ^        SV7  r3-S   ^   ^  ^^  ^    fewr 

L-area  represented   a  region   in  which  an   expanding  water   ra     population^     h"'    "    **   P°!flble   that   the 
quently,    only   fields    in    the  H-area   were   „«L    *„    ■  !  population  was   becoming    established.      Conse- 

absence   of   the  water   rat  investigate   characteristics   relating   to   the   presence   or 


burrow^stell  S^^s^^Si  III   S^   T"   ""   T^   C°ntained    f±eU'  *"  *""   '« 
sequently  52%  or    the   fie   ds   were    too    ta   1    to  L  2  ,P  "   ^  miU    l0t    the  Pre«ding   summer,    con- 

which   could  be   surveyed  were  distributed  rSaSvSf*^     1      ^   *   T   ^^      ^   remainin§  «*  of   the   fields 
yielded   data   representative  of  the  pLntation"  *  thr°Ugh°Ut   the  rai11   lo<   «d   presumably   they 

Table    1.      Florida  water   rat   occurrence   after   the    1975-76   su.arcane   harvest   season   at   USSC  and   Okeelanta. 

ussc  USSC 


Total  survey  area—        L-area 


USSC  Okeelanta 


Number  of  survey  fields  243 


H-area 
(Low  occurrence  rate)     (High  occurrence  rate) 


74 


Number  of  water  rate 
inhabited  fields 


98 


Percent  (+  SC)  of  fields 
inhabited  by  water  rats  40.3  (3.1)  6.8  (2.9) 

x  (±  SC)  No.  of  colonies/ 
inhabited  field-7  10.o  (1.3)  1.6  (0.4) 

Acres  (ha)  surveyed  8,495  (3,438)         2,749  (1,113) 


—  See  Figure  1. 
2/ 


169 

46 

93 

37 

55.0    (3.8) 

80.4    (5.9) 

10.4    (1.4) 

29.9    (5.4) 

5,746    (2,326) 

2,759    (1,117) 

Sampling  was  not  specifically  designed  to  determine  how  field  characteristics  (e  2    stubble  a,P   0  n 
Insufficient  sample  sizes  prevented  adequate  analyses  across  the  range  of  all  variables. 


detected 


First  stubble  year  fields  at  USSC  had  a  significantly  (P-=  0  001   X2  -  1 5  78   1  A   f   \    i 
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locations  of  inhabited  sample  fields 
.  locations  of  uninhabited  sample  fields 


the  low  occurrence  area  (L-area). 

Presence  of  the  Florida  water  rat  was  related  to  soil  organic  characteristics.   In  second  stubble  and 
older  fields  of  USSC  the  percentage  of  fields  inhabited  by  water  rats  generally  increased  with  higher  soil 
organic  content  (Figure  4).   Fields  in  the  31  to  60%  organic  content  range  had  significantly  (P^  0.001, 
X2  =  16.61   1  d.f.)  lower  occurrence  rates  than  did  fields  in  the  61  to  90%  organic  content  range. 


organic  content  data  were  ava 


ilable  at  Okeelanta,  but  soils  there  generally  appeared  to  be  highly  organic. 


Highly  organic  soils  probably  help  to  maintain  burrow  and  tunnel  stability  through  their  friable  con 

&         J  &  *  .    .  .,.___      „_,_     i .• „„„„„^     ™„,-q      nrmia      on  t"      in      flP     rfq      that 


sistency  and  high  capacity  for  water  retention. 


Water  rat  burrowing  seemed  more  prevalent  in  fields  that 


contained  abundant  weed  growth  which  may  have  provided  food.   This  rooted  vegetation  would  also  aid  in  main- 
taining burrow  system  integrity.   These  results  tend  to  support  observations  of  others  in  sugarcane  (2), 
and  in  undrained  muck  of  the  Everglades,  fresh  water  prairies  and  marshes,  and  peat  bogs  (1). 

Hand  harvested  fields  showed  a  significantly  higher  (P  <  0.005  X" »  -  8.50   1  d.f.)  water  rat  occurrence 
rate  than  did  mechanically  harvested  fields  in  the  H-area  of  USSC  (84.9%  of  66  fields  vs  56.0^  of  25  fields) , 
Analysis  included  only  fields  in  second  or  older  stubble  having  60%  or  more  organic  content   This  higher 
occurrence  of  water  rat  burrow  systems  in  hand  harvested  fields  may  reflect  the  water  rat  s  dependence  on 
cover  after  harvest.   Hand  harvesting  leaves  trash  (e.g.,  cane  leaves  and  tops)  piled  in  rows  in  the  field 
whereas  mechanical  harvesting  removes  a  much  larger  proportion  of  the  trash.   It  is  doubtful  that  the 
observed  difference  in  occurrence  rates  is  a  result  of  greater  direct  mortality  in  machine  harvested  fields, 
loaders  used  in  hand  harvested  fields  are  actually  heavier  than  the  mechanical  harvester.   All  Okeelanta 
fields  were  harvested  by  hand. 
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Figure  2.   Percentage  occurrence  of  Florida  water  rats  in  high  soil  organic  content  (>  80%)  fields  by 
stubble  year  in  the  region  of  USSC  with  a  high  rate  of  occurrence  of  Florida  water  rats 
after  the  1975-1976  harvest  season.   Numbers  at  the  top  of  each  column  represent  sample  sizes. 

Results  from  an  examination  of  post-harvest  burrowing  by  water  rats  in  a  USSC  field  showed  at  least 
a  preference  for  cover  after  harvest  if  not  a  dependency  on  it  (3).   In  that  thoroughly  searched  field, 
544  burrowing  openings  were  found  under  trash  pile  rows  whereas  only  222  burrow  openings  were  found  in 
the  same  number  of  trash-free  areas.   A  binomial  test  showed  this  difference  to  be  significant  (P<  0.001, 
large  sample  approximation  z  =  11.60). 

The  L-area  of  the  USSC  survey  area  (Fig.  1)  had  poorer  conditions  for  water  rats  than  the  H-area 
in  terms  of  organic  content  and  harvest  method  (Table  2).   Soil  organic  content  was  significantly  lower 
(P<  0.001,  X2  =  49.86,  1  d.f.)  and  a  significantly  higher  (P<  0.001,  x2  =  76.13,  2  d.f.)  percentage  of 
fields  were  machine  harvested.   (No  significant  difference  in  stubble  years  was  detected  between  areas.) 
It  is,  therefore,  probable  that  unsuitable  conditions  have  prevented  water  rats  from  becoming  well- 
established  in  the  uninhabited  portions  of  USSC,  rather  than  that  expansion  into  these  areas  has  not  yet 
occurred. 

CONCLUSIONS 

The  occurrence  of  the  Florida  water  rat  seemed  to  be  inhibited  by  lower  soil  organic  contents, 
the  use  of  mechanical  harvesting,  and  early  stubbles  in  USSC.   Stubble  age  did  not  significantly  affect 
occurrence  in  Okeelanta  fields.   (Organic  content  and  harvest  method  could  not  be  evaluated  at  Okeelanta.) 
These  findings  suggest  the  potential  for  control  strategies  utilizing  manipulation  of  field  harvesting  - 
and  husbandry  practices,  without  the  problems  associated  with  the  registration  of  a  toxicant  for  infield  use. 
Experimental  studies  are  required  to  determine  the  efficacy  of  these  strategies  in  reducing  water  rat 
occurrence  and  damage  to  sugarcane.   Mechanical  harvesting  or  trash  disposal  in  hand  harvested  fields  may 
reduce  the  occurrence  of  water  rats  in  fields  and  restrict  their  geographical  distribution.  More  adequate 
weed  and  grass  control  practices  would  also  reduce  field  cover  and  food,  and  possibly  decrease  the  soil's 
ability  to  support  burrow  systems.   Implementation  of  any  control  effort  could  be  restricted  to  only  the 
potential  problem  areas  of  high  soil  organic  content  and  older  stubble  fields. 
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Fieure  3   Percentage  occurrence  of  Florida  water  rats  by  stubble  year  in  fields  at  Okeelanta  after  the 
Figure  3.   Percentag^^  ^^   ^^  ^  ^  ^  q{   ^  column  represent  sample  slzes. 
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Figure  4.   Percentage  occurrence  of  Florida  water  rats  in  old  stubble  (second  stubble  and  older)  fields  by 
percent  soil  organic  content  in  the  region  of  USSC  with  a  high  rate  of  occurrence  of  Florida 
water  rats  after  the  1975-76  harvest  season.   Numbers  at  the  top  of  each  column  represent  sample 
sizes. 
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Table  2.   Comparisons  of  field  characteristics  between  areas  of  high  and  low  occurrence  rates  of  Florida 
water  rats  on  USSC  during  the  1975-76  harvest  season. 

L-area  H-area 

Field  (Low  Occurrence  Rate)  (High  Occurrence  Rate) 

Parameter 

n  percent  n  percent 


a/  " " -~ 

Harvest  method- 
Hand  13             17.8  110  67.5 
Machine  60             82.2  53  32.5 

Stubble  Age 

First  11             15.1  33  20>4 

Second  and  older  62             84.9  129  79  6 

a/ 
Percent  Soil  Organic  Content— 

0  -  30  %  27             36.5  4  2.4 

31  -  60  %  29             39.2  36  21.3 

61  -  90  %  18            24.3  129  76.3 


a/ 


Significant  (P  <  0.001)  differences  between  L-area  and  H-area. 
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ADVANCEMENT  OF  NEW  BASIC  SUGARCANE  BREEDING  LINES- 

P.  H.  Dunckelman 

U.S.  Sugarcane  Field  Laboratory 

Agricultural  Research,  Science  &  Education  Administration,  USDA 

Houma,  Louisiana  70361 

ABSTRACT 

-  *v,0  tt  <5   Qimareane  Field  Laboratory  at  Houma,  Louisiana,  to  advance  new 
Attempts  are  underway  at  the  U  .S.  SuS"cane  Fiel  d  ^bo    b;eedlng- stocks  and/or  commercial  varieties, 
breeding  lines  that  are  suitable  for  the  selection  of  ^f""*;"6^  the  ldea  of  combining  into  a  corn- 
One  hundred  and  fourteen  bi-parental  crosses  «"  »f^^8^ ™h*{£  ZlAnTss   and  disease  and  pest  re- 
posite  the  economic  features  of  the  commercial  breeding  """VJ**  £*   geeds  were  produced  and  226,000  of 

aSr^fS  ^"gsgsg^g.  Sn^TtSfl:  -ready  producing  canes  with  commercial 

potential . 

INTRODUCTION 

Basic  sugarcane  breeding  stocks,  and  some  from  other  genera  related  to  sugarcane,  were  combined  in 
crosses  with  Selected  commercial  breeding  canes  to  produce  ^  true  seeds  at  the U .8.  Jj^S^Si.  was 

SI  SHESa  &«.-=££.  2"#S=  5^=sr 

the  J"i«d  characteristics  of  diverse  germplasm  into  a  composite  in  as  short  a  time  as  possible. 

^u  c-      f    <--,-mQ  ,•„  1Q7?  at  this  location.   To  circumvent  unfavorable 

cially  controlled  environments,  it  was  possible  once  again  to  make  special  crosses  that  would  otherwise 
have  been  impossible  at  Houma. 

PARENTAL  MATERIAL 

Parental  material  used  in  current  crosses  included  three  clones  of  the  genus  Ripidium,  two  of 
SderS,  one  f  Erianthus,  one  a  hybrid  of  _Sclerostachya  X  Erianthus   two  S.spontaneum  clones 
"o"  "lonL'of  S.  rob^BFandes.Jeswiet  ex  Grass!  and  severa  derivative, \   «&*%*£«  £Zons 

fanfffS  r iL"  S  ^^Z^^T^Z^^   Sis:  -15-8  li.  and  from  a  Scle^ch^ 
X  Erianthus  line)  and  11  US  breeding  canes  from  new  early-generation  wild  lines. 

JSS^„US.'2Sr-  —  i'S^S  "£■  2S\U«-  »  the  L„.  .,  th.  8,ee„house  _ 

photoperiod  rooms,  as  well  as  on  the  outdoor  racks. 

borer  Diatraea  saccharalis  Fabricius. 

FLOWERING 
For  production  of  tassels  early  in  the  season,  while  the  weather  was  still  warm,  24  select  breeding 


1/ 


A  contribution  from  AR,  SEA,  USDA  in  cooperation 


with  the  Louisiana  Agricultural  Experiment  Station. 
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From  flowering  data  taken  in  previous  years  it  was  known  that  the  12  canes  from  the  wild  lines 
flowered  from  2  to  3  weeks  earlier  than  the  commercial  breeding  canes  with  which  they  were  to  be  crossed 
Therefore  xn  order  to  synchronize  the  flowering  of  the  two  groups  of  canes,  it  was  necessary  to  star 
photoperiod  treatment  of  the  commerical  breeding  canes  at  least  2  weeks  in  advance  of  the  time  of  treat- 
ment given  the  wild-lxne  canes.   The  photoperiod  schedule  used  for  both  groups  consisted  of  a  declining 
daylength   1  mxn  day)  for  60  days.   Treatment  of  the  commercial-line  breeding  canes  was  started  on    § 
July  1   1978   and  lasted  through  August  29,  1978,  while  that  for  the  wild  canes  began  on  July  15  and  ended 
on  September  14,  1978.   Thereafter,  some  of  the  canes  were  left  outdoors  until  in  full  bloom  and  others 
were  brought  xnto  the  greenhouse  to  hasten  tassel  emergence  and  promote  male  fertility.   M  6sS  sSks 
grown  to  maturity  in  can  cultures  placed  on  the  photoperiod  carts,  practically  100%  were  induced  to  flower 
early  xn  the  season,  and  the  commercial  canes  were  made  to  flower  simultaneouly  with  the  wild-line  caneT 

Approximately  1000  stalks  of  different  genetic  stocks  were  grown  to  maturity  on  the  carts  of  the  tall 
crossxng  greenhouse  and  while  no  count  of  flowering  stalks  was  made,  excellent  flowering  occurred  in  all 
aval  able  types  of  breeding  material.   As  an  added  advantage,  some  of  the  early-flowering,  early!gen"eration 
new-lxne  derivatives  of  S.  spontaneum  clones  flowered  simultaneously  with  some  of  the  later-flowering 
canes  from  the  photoperiod  carts.   Furthermore,  canes  from  both  greenhouse  and  photoperiod  carts  flowered 
xn  unxson  wxth  a  few  early-generation  new-line  breeding  canes  taken  from  the  outdoor  racks.   However  canes 
on  the  outdoor  racks  did  not  flower  well  during  1978.   This  was  due  to  three  causes:  1)  the  weather  u 
cool  early  xn  the  fall  and  stayed  that  way  throughout  the  crossing  season;  2)  some  of  the  canes  that  were 
moved  from  the  racks  and  placed  between  rows  of  tall  canes  on  the§  greenhouse  carts  were  shaded  out  by  the 
taller  canes,  causing  abortion  of  emerging  tassels  in  the  cane  brought  in  from  the  outside;  and  3)  limited 

nIdeS°hPPnSPaCe-M  t   aCC°m°d/te   hU!    f6W  Canes  brouSht  ^de,  even  though  all  would  probably  have  flowered 
had  it  been  possible  to  afford  greenhouse  protection  for  the  canes  during  the  latter  weeks  of  fall 


CROSSING  AND  TRUE  SEED  PRODUCTION 


The  techniques  for  making  crosses,  ripening  the  true  seeds,  drying  the  seeds,  germ  testing  the  seeds 
and  storing  the  seeds  have  been  described  (1,  A).   No  notable  changes  in  techniques  of  crossing  and  true 
seed  productxon  were  made  during  the  1978-79  breeding  season. 

The  season  was  marked  by  excellent  flowering  on  the  greenhouse  and  photoperiod  carts,  a  situation 
which  allowed  for  the  making  of  many  desired  crosses  and  very  good  seed  set  in  most  of  the  bi-parental 
combinations.   One  hundred  and  fourteen  such  combinations  were  made;  by  germination  test  counts  of  1-gram 
samples  of  fuzz  (1),  an  estimated  445,090  viable  true  seeds  were  produced  (Table  1).   Seed  set  in  inte'r- 
specxfxc  sugarcane  crosses,  involving  563  female  (male-sterile)  tassels  averaged  an  estimated  790  viable 
tasselPer  S6t    inter8eneric  bosses  with  91  female  tassels  had  only  47  viable  seeds  per 

and  Fr^nth"0^",100  f  . ne"  ^net ic  factors  into  Saccharum  from  the  related  genera  Ripidium,  Sclerpstachva . 

and  Erxanthus  was  trxed  in  19  bi-parental  crosses  and  over  4000  viable  true  seeds  were  produced Two^ 

crosses  were  made  for  biomass  studies  with  the  vigorous  S.  spontaneum  clones  SES  84/58  and  SES  602  in  com- 
bination with  commercial  canes,  and  these  produced  an  estimated  45,546  viable  seeds.   Wild  lines  involving 
various  clones  of  S.  spontaneum  and  S.  robustum  were  advanced  to  higher  levels  of  breeding  in  93  crosses 
whxch  accounted  for  the  production  of  about  395,000  true  seeds. 

Of  special  interest,  the  promising  S.  spontaneum  US  56-15-8  line  was  advanced  from  the  BC   to  the 
BC4  generation  in  50  crosses  that  gave  an  estimated  226,000  viable  seeds.   Since  canes  with  hilh  sucrose 
content  and  hxgh  resxstance  to  mosaic  are  already  being  selected  from  BC,  progenies  of  US  56-15-8   it  is 
anticipated  that  more  valuable  canes  will  be  selected  from  the  BC,  generation  of  this  line  in  the'near 
lu  ;   °  f  neW  lin6S  are  be8lnnlng  to  show  greater  promise  as\hey  are  advanced  to  higher  generations 

through  the  long-term  process  of  crossing,  selecting  and  recombining  the  genetic  features  of  the  "best  with 
the  best  from  each  succeeding  generation.   Tens  of  thousands  of  seedlings,  first-  and  second-line 
selections   and  selections  advanced  to  larger  replicated  trials  are  now  undergoing  testing  in  field  trials 
and  some  of  these  may  be  future  varieties  for  commercial  sugar  production.   Yet,  much  remains  to  be  done 
xn  the  way  of  strxvxng  to  further  improve  breeding  techniques,  screening  and  use  of  the  great  complexity 
of  germplasm  now  present  in  the  World  Collection  of  Sugarcane  and  Related  Genera 
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Table  1.   Breeding  lines  under  development  at  Houma,  Louisiana,  1978  season, 
New  breeding  line  and  generation  


Ripidium  bengalense 
Ripidium  elephantinum 
Ripidium  giganteum 
Sclerostachya  fusca 
Sclerostachya  narenga 


S.  spontaneum  SES  602  x  BC3  S.  spont.  US  56-15-8 

R.  kanasharoi  x  R.  bengalense 

F  S.  spontaneum  84/58 

(F,  S.    spont.  x  F  S.  rob.)  x  Commercial 

S.  spont.  x  F  S.  rob.)  x  BC3  S.  spont.  US  56-15-8 
(Scler.  x  Erianth.)  x  BC  S_.  spont  SES  32  B 
(Scler.  x  Erianth.)  x  BC3  S.    spont.  US  56-15-8 


(F 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 


S.    robustum  NG  28-251 

S.  robustum  NG  57-208 

S.  spontaneum  SES  577 

S.  spontaneum  US  61-2-1 
(Scler.  x  Erianth.)  x  Scler.  narenga 
(Scler.  x  Erianth.)  x  F^   S.    spont.  US  61-2-1 
(Scler.  x  Erianth.)  x  BC3  S.    spont.  US  56-15- 


BC„  S.  spontaneum  US  56-15-8 

2  —  — ' 

BC3  S.  spont.  US  56-15-8  x  BC3  S.  spont.  Pasoeroean 
BC,  S.  spont.  US  56-15-8  x  B^  S.    spont.  US  56-15-8 

BC  S.  spont.  US  56-15-8  x  BC  S.    spont.  US  56-15-8 

3  _  — t j 

BC,  S.  spontaneum  US  56-15-8 

Totals 

Number  seedlings  from  germination  counts 

Grand   total 


Number   of 
crosses 


13 


4 
1 
4 
8 
50 


114 


Estimated  number 
viable  seeds 


1,136 
100 
498 
1,152 
0 
9,246 
0 
36,300 
2,835 
1,701 
230 
528 
13,320 
55,198 
3,800 
13,188 
0 
500 
0 
29,462 
1,220 
3,272 
29,949 
226,075 
429,710 
15,380 
445,090 
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ABSTRACT 

The  smut  reaction  of  895  varieties  (or  clones)  was  tested.   Seedpieces  were  artificially  inoculated 
and  planted  in  the  field.   The  varieties  were  rated  5  months  after  planting,  ratooned,  and  rated  again 
after  5  months.   Of  38  commercial  varieties  in  Florida,  26  rated  resistant  or  intermediate;  12  rated  sus- 
ceptible.  Twelve  varieties  grown  in  Louisiana  rated  resistant.   Four  syrup  canes  rated  resistant  or 
intermediate.   Over  all  895  varieties,  62%  rated  resistant  or  intermediate  and  38%  rated  susceptible. 

INTRODUCTION 

Sugarcane  smut,  Ustilago  scitaminea  H.  Syd .  &  P.  Syd . ,  was  discovered  in  Florida  in  June,  1978  (1). 
The  first  tests  to  determine  varietal  reaction  to  smut  began  soon  afterward  in  July,  1978,  and  were  a  co- 
operative effort  of  the  Research  Department,  United  States  Sugar  Corporation,  Clewiston,  Florida,  and  the 
USBA  SEA  AR,  U.S.  Sugarcane  Field  Station,  Canal  Point,  Florida.   Due  to  the  newness  of  the  disease  in 
Florida  and  the  great  interest  of  cane  producers,  two  preliminary  reports  of  varietal  reactions  to  the 
disease  have  been  made  (2,3).   The  second  of  these  reports  gave  the  final  result  for  the  plant  cane  phase. 
The  current  report  presents  final  results  of  the  ratoon  phase  for  selected,  important,  commercial  varieties. 
The  amount  of  smut  generally  increased  between  the  plant  and  ratoon  crops  or  remained  the  same.   Rarely,  a 
variety  was  placed  a  grade  lower  in  ratoon  than  it  had  been  in  plant  cane,  but  this  resulted  from  the  fact 
that,  in  the  Hawaiian  system,  more  smut  is  tolerated  for  the  same  grade  in  ratoons  (Table  1). 

METHODS  AND  MATERIALS 

The  varietal  ratings  in  this  report  were  extracted  from  tests  in  which  895  varieties,  or  clones,  were 
screened   Twenty  pieces  of  seedcane  per  variety  (minimum  3  buds/seedpiece)  were  immersed  5  minutes  in  a 
suspension  of  5-10  million  smut  spores  per  ml  of  water  and  incubated  overnight  under  high  humidity  at  about 
87°  F  before  being  planted  in  the  field.   Samples  from  the  smut  spore  suspensions  gave  40-48%  spore  germi- 
nation on  3%  water  agar  held  at  88°  F  for  6  hours.   The  cane  was  planted  in  July  and  the  percentage  of  in- 
fected stools  was  recorded  in  December  (5  months).   The  cane  was  ratooned  in  early  March,  1979,  and  per- 
centage of  infected  stools  was  again  recorded  in  late  July  (5  months).   Grades  were  assigned  to  varieties 
according  to  a  rating  scheme  developed  in  Hawaii  (4)  (Table  1) . 


Table  1.   The  Hawaiian  smut  rating  scheme, 


Plant 


0-  3 

4-  6 

7-  9 

10-12 

13-25 

26-35 
36-50 
51-75 
79-100 


Stools  Infected  (%) 


Ratoon 


0-  6 

7-12 

13-16 

17-20 

21-30 

31-40 
41-60 
61-80 
81-100 


Smut 
Grade 


Reaction 


Resistant  or 
tolerant 


Intermediate 
Susceptible 


RESULTS  AND  DISCUSSION 

The  grades  of  38  varieties  grown  commercially  in  Florida  are  shown  in  Table  2.   Most  of  the  commercial 
varieties  were  tested  in  two  separate  trials  that  were  conducted  approximately  concurrently.   Twenty-six 
varieties  rated  resistant  or  intermediate  and  12  rated  susceptible.   Varieties  will  be  watched  closely  m 
commercial  fields  to  determine  the  degree  of  production  losses  resulting  from  smut  infection.   The  degree 
of  resistance  that  a  variety  must  possess  to  be  grown  economically  in  Florida  has  not  yet  been  determined. 
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The  disease  has  not  been  in  Florida  long  enough  to'permit  correlation  of  test  results  with  field  declir 
of  varieties  after  smut  infection.  Liu 

Some  varieties  of  interest  in  other  cane-growing  areas  were  screened.   The  grades  of  12  varieties 
grown  in  Louisiana  are  shown  in  Table  3.   Syrup  canes  of  the  southeastern  United  States  were  rated  as 

follows:   CP  29-116  and  CP  36-111,  grade  1;  CP  52-48,  grade  2;  and  CP  67-500  grade  5 


Table  2.   Smut  grades  of  38  Florida  varieties  in 
the  screening  test. 


Variety 


CL  41-191 

CL  41-223 

CL  49-200 

CL  52-39 

CL  54-312 

CL  54-334 
CL  54-336 
CL  54-378 
CL  54-405 
CL  57-39 

CL  58-37 
CL  59-2 
CL  59-172 
CL  59-994 
CL  59-1052 


Smut 
Grade 


Table  3.   Smut  grades  of  12  Louisiana 
varieties  in  the  screening  test. 


Variety 

CP  48-103 

CP  52-68 

CP  65-357 

CP  67-412 

CP  70-321 
CP  70-330 
CP  72-356 
CP  72-370 

L   60-25 
L   62-96 
NCo  310 
L   65-69 


Smut 
Grade 


CL  59-1167 
CL  59-1332 
CL  61-5 
CL  61-205 
CL  61-620 


CL  65-260 
CL  65-279 
CL  65-294 
CL  68-575 
CP  56-59 


CP  57-603 
CP  57-614 
CP  59-50 
CP  59-73 
CP  62-374 


CP  63-306 
CP  63-588 
CP  65-357 
CP  68-1026 
CP  68-1067 


CP  69-1052 
CP  70-1133 
L  61-49 


The  895  varieties  screened  represent  commercial  varieties,  parental  types,  experimental  varieties  in 
varietal  selection  programs,  and  historical  varieties.   The  frequencies  of  varieties  in  the  resistant  and 
intermediate  grades  were:  grade  1,  27%;  grade  2,  11%;  grade  3,  7%;  grade  4,  6%;  and  grade  5,  16%.   About 
Jo/o   were  in  the  susceptible  grades  6  to  9. 

The  data  collected  on  the  wide  range  of  varieties  in  this  tudy  will  be  of  much  benefit  to  the  varietal 
development  programs  of  U.S.  Sugar  Corporation  and  of  the  USDA.   For  example,  smut-resistant  experimental 
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.,  „.,f ,pH  and   manv  have  been  advanced  in  the  selection  programs  while  many  susceptible 
;S SS  -I  .eir^Sn^d:30!!^  *.  identity  of  smut  resistant  ^g^^-^J-  ^i^t 
reS1^\r:S^rinog";sCbrr;Sin4Pr:fi:t:;t  ^t;ht"dinrrei:qthetefr;^r:f  resistance  in  the  off- 
sPrfn Hs)  and ly'incre^ing  the  number  of  seedlings  and  subsequent  selections  to  offset  the  number  of 
varieties  that  will  be  lost  due  to  smut  susceptibility. 
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ABSTRACT 

A  total  of  1131  clones  in  the  1979  Stage  II  variety  trial  and  105  clones  in  the  Stage  III  variety 
trials  were  rated  for  susceptibility  to  sugarcane  rust  (Puccinia  melanocephala  H.  &  P.  Syd . )   About  15% 
of  the  Stage  II  clones  were  infected  by  rust  to  some  degree  around  May  21,  1979;  7  weeks  later   this  had" 
increased  to  34%.   Ratings  indicated  that  the  frequency  distribution  of  rust  susceptibility  skewed  markedly 
toward  high  resistance.   Progenies  from  a  few  parents  produced  most  of  the  susceptible  clones.   The  sus- 
ceptible clones  in  Stage  III  were  infected  consistently  in  all  4  locations  (Hatton  Bros.  Farm  at  Pahokee 
University  of  Florida  AREC  at  Belle  Glade,  Shawnee  Farms  at  Clewiston,  and  Gulf  &  Western  Food  Products  ' 
Company  at  Okeelanta)  with  varying  severity. 

INTRODUCTION 

Sugarcane  rust  caused  by  Puccinia  melanocephala  H.  &  P.  Syd.  was  first  found  at  Canal  Point,  Florida 
on  March  23,  1979  (1).   Its  effect  on  cane  production  in  Florida  is  still  uncertain.   The  discovery  of  rust 
in  Florida  enables  us  to  evaluate  the  clones  in  our  breeding  programs  and  to  select  sugarcane  varieties  for 
resistance  to  rust. 

The  occurrence  of  sugarcane  rust  in  the  Caribbean  area  has  been  discussed  by  Presley  et  al .  (7),  Koike 
.  (4),  and  Liu  (5).   The  history  of  this  disease  in  the  Western  Hemisphere  was  reviewed  by  Seymour 
(8).   Varietal  reaction  to  rust  ranges  from  highly  resistant  to  highly  susceptible  (2  5  7)    Recent 
rust  epiphytotics  in  Central  America  and  in  the  Caribbean  area  are  causing  concern  because  B  4362   an  im- 
portant cultivar  in  these  areas,  is  very  susceptible  to  the  disease.   The  pathogen  has  eliminated 'highly 
susceptible  varieties  in  Australia,  Fiji  (3),  and  India  (6).   Egan  and  Ryan  (3)  suggest  that  maturing  cane 
may  be  less  susceptible  than  young  cane. 

The  objective  of  this  study  was  to  determine  the  frequency  of  rust  susceptibility  in  sugarcane  clones 
of  Stages  II  and  III  in  the  USDA  sugarcane  variety  development  programs  at  Canal  Point. 

MATERIALS  AND  METHODS 

A  total  of  1131  clones  of  Stage  II  and  105  clones  of  Stage  III  (CP  77-series)  was  used  for  this  study. 
Stage  II  clones  were  planted  in  October,  1978,  in  single  two-row  plots  (4.97m  x  3.05  m)  on  the  Canal  Point 
Station.   Stage  III  clones  were  planted  in  November,  1978,  at  4  locations:   Hatton  Bros.  Farm  at  Pahokee 
University  of  Florida  AREC  at  Belle  Glade,  Shawnee  Farms  at  Clewiston,  and  Gulf  &  Western  Food  Products  ' 
Company  at  Okeelanta.   Clones  in  Stage  III  were  planted  in  two  replications  in  2-row  plots  (4.57  m  x  3  05m) 
The  rust  epidemic  had  been  in  progress  at  least  since  March,  1979;  natural  infection  was  adequate  to  dif- 
ferentiate the  degree  of  susceptibility  among  clones.   The  clones  were  rated  on  a  scale  from  0  to  4  as 
follows: 

Rating  0:   Highly  resistant  -  Cane  leaves  healthy  and  clean  or  with  chlorotic  or  necrotic  flecks  only. 

Rating  1:   Very  resistant  -  Few,  poorly  developed  pustules  revealed  only  by  close  inspection. 

Rating  2:   Resistant  -  Pustules  more  abundant  and  usually  larger,  but  infection  obviously  too  light  to 
cause  economic  loss. 

Rating  3:   Moderately  susceptible  -  Pustules  medium  in  size  and  distributed  over  entire  leaves; 

approximately  one-third  of  the  fully  grown  leaves  infected  and  diseased  spots  visible  even 
on  young  fully  grown  leaves;  few  infected  old  leaves  are  dry  and  dead. 

Rating  4:   Very  susceptible  -  Pustules  large  and  often  united;  more  than  half  of  the  cane  leaves  covered 
with  pustules  with  even  the  tips  of  young  leaves  infected;  most  infected  leaves  dry  and  dead. 


et  al 
et  al 
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a*   „n  Qt.op  IT  clones-  the  first  one  was  made  on  May  21,  1979,  and  the 
Two  separate  ratings  were  made  on  Stage  ii  clones,  me   i 
second  on  July  9,  1979.   Stage  III  was  rated  only  once  around  May  21. 

RESULTS  AND  DISCUSSION 

According  to  the  first  rating  on  rust  susceptibility  <W^^*£™   *~f  JSS^J 

were  infected  with  rust  in  some  degree   Nxne  percent  were very  resistant  (Rati  g  ;,         susceptible 

resistant  (Rating  2),  1%  Were  "*«•£*  JJ^g1;. ^2d  oward  high  resistance  or  immunity.   The 
(Rating  4).   The  frequency  distribution  (Y^ure    1)  was  skewed *        *ed  about  34%   in  stage  II.   The 


STAGE  D   SELECTIONS 
RATED  ON   MAY21,1979 
=  RATED  ON  JULY  9, 1979 


>■ 


Figure  1.   Frequency  distribution  of  rust  susceptibility  from  Stage  II  selections  of  sugarcane. 


.  0  ra.i„B  popped   fro.  85  .,  the   first  f"^,"  "'^^"^ ^S'^f^"'?^  SStli-e. 

k  x^1,?  ;..STo?  nrr^t  si  srf  rsi Lr  s  r  ^ ..  *. ~~ ------- 

with  increased  maturity  (3) . 
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crosseTinvoLin  ^   r  n    ^n     tS    el^haf  S  £"  V^ST60""  ^  *"**  *"  121 

12  crosses,  whereas  tne  clones  frora  alHther  cro"  e  we   1°     s  Ja  ^ Tab^  "2  ^^  ?"  ?* 

.ore  than  60%  of  the  clones  rated  3  or  more  were  from  those  12  ™% i^gf  Jj.1^  £  Su'lts^8 

Table  1.   Frequency  of  rust  susceptibility  In  Stage  II  selections  from  several  crosses,  rated  on  May  21   1Q7P 
Cross  Total      ~Q J ^£1^8 __ 


CP  63-588  Polycross  TO  FoT 

CP  68-1026   Polycross  8  3 

CP  69-1052   Polycross  44  37 

CP   62-374  x   CP   63-588  21  20 

CP   62-374   x   CP   69-1059  30  21 

CP  62-374  x  CP  70-1133  19 

CP  65-357  x  CP  68-1022  g 

CP  65-357  x  CP  68-1026  8  4 

CP  65-357  x  CI  54-1910  5  2 

CP  68-1154  x  CI  54-378  6  5 

CP  68-1067  x  CP  57-614  25 

CP  68-1067  x  CP  69-1056  26 

CP  69-1062  x  CP  66-1043  16  13 

CP    70-1512  x   CP    70-1133  38  23 


9  T 

2  1 

3  4 

0  0 

1  4 
13              5  i 

5  2  i 

1  1 

0  1 

0  0 

20  i  3 

21  5  o 

1  1 

--   ■- -^  ,~     xj.^^  Jo  iJ  8  A 

CP  72-2079  x  CP  73-343  6         2  2  7 


Total  of  above  374       290 


40  24 


Total  in  test  1,131       964  102  45 


1 

0 

1 

1 

0 

0 

0 

1 

3 

1 

0 

0 

1 

0 

0 

2 

2 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

2 

1 

0 

12 

8 

12 


61  41  19 


Total  in  test  1,131       748 


201  125  34 


Table  2.   Frequency  of  rust  susceptibility  in  Stage  II  selections  from  several  crosses,  rated  on  July  9.  1979 

Cross Total       ~g [ ^^ g ! 

CP   63-588   Polycross  U3  89 16 1 — 

CP   68-1026   Polycross                              82                                   1  I  2  1 

CP   69-1052   Polycross                            44                   37                                   2  I  0  2 

CP   62-374  x  CP   63-588                        21                   13                                 k  ,  0  0 

CP   62-374  x   CP   69-1059                        30                   17                                   a  ,  0  1 

CP   62-374  x   CP    70-1133                        19                   15                                   1  ,  3  2 

CP   65-357  x   CP   68-1022                          9                     2                                   3  ,  ° 

CP   65-357  x   CP   68-1026                          8                     2                                   1  ,  0  1 

CP   65-357  x  CI   54-1910                        5                    2                                 n  n  1  2 

CP   68-1154  x   CI   54-378                          63                                   1  n  1 

CP   68-1067  x   CP   57-614                       25                   16                                   3  ,  *  1 

CP   68-1067  x   CP   69-1056                     26                   18                                   7  j  3 

CP   69-1062   x   CP   66-1043                      16                     6                                   6  0  °  ° 

CP    70-1512  x   CP    70-1133                     38                   12                                 10  10  5  \ 

CP   72-2079   x   CP    73-343 6 1 1  2  3  3 

Total  of  above  374       235 
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suggest  that  certain  parents  have  produced  most  of  the  susceptible  clones.   Only  a  few  parental  clones  were 
available  for  rating  their  rust  susceptibility.   Parental  clones  CP  63-588  and  CP  65-357  raSd  2  aHhelecond 

CP  S-il35earndSCP°70n  5^rn  T   *"**«  .m  °^   P™ts  <CP  62"^  CP  68-1067,  CP  68-10261  CP  69^052 
CP  /U  1133  and  CP  70-1512).   The  sample  size  of  most  progenies  in  Stage  II  was  small;  therefore   the  genetic 
behav10r  for  rust  susceptibility  in  sugarcane  could  not  be  firmly  established  with  those  data 

H,ttn!Ur7  rftlng*  °LCP  77~^ries  clones  at  4  stage  HI  locations  are  summarized  in  Table  3.   Three  locations 
Hatton  (7  clones),  Shawnee  (6  clones)  and  AREC  (8  clones)  had  more  clones  rated  as  3  and  4  than  did  OkeelantJ' 

other 7 ocatlot Trf    l^T   ^   S*"**  Clones)  alS°  Sh°Wed  fewer  total  infected  <*«"  San  did  "e 
other  3  locations  (Hatton  =  41  clones;  Shawnee  =  29  clones;  AREC  =  28  clones).   Thus,  rust  was  less  intense 
at  Okeelanta  than  at  the  other  three  locations.  intense 

cenMhJ^M811  ^  SP°re  P?pulatnion  miSht  be  expected  to  vary  among  locations  under  natural  conditions,  sus- 

location  to  location  "i"18*""1*  ***?**   W±th   *»  path°Sen  even  thou8h  the"  "tings  might  have  varied  from 
location  to  location   For  instance,  5  varieties  (CP  77-1014,  CP  77-1067,  CP  77-1231,  CP  77-1446,  and  CP  77- 
1732)  consistently  showed  higher  ratings  than  other  varieties  in  all  4  locations 
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Table  3. 


Number  of  clones  in  each  rust  rating  class  at  4  Stage  III  locations, 
each  location  and  number  of  infected  plots  at  each  location.- 


average  rust  rating  at 


Location 


Rust  rating 

4 
3 

2 

1 

0 
Average 

No.  of  infected  plots 


AREC 


SHAW 


OKEE 


77 
0.31 


76 
0.35 


36 


43 


0 

3 

2 

6 

94 
0.19 

12* 


Hatt 


6 

1 

16 

18 

70 
0.47 

53 


*   One  replication  rated  at  Okeelanta,  two  replications  rated  at  the  other  3  locations. 
— '   Rating  was  made  around  May  21,  1979. 

At  present,  the  relationships  among  level  of  rust  infection,  cane  yield,  and  juice  quality  are 
unknown . 
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VIABILITY  OF  SUGARCANE  SMUT  SPORES  IN  A  FLORIDA  ORGANIC  SOIL  AT  THREE  MOISTURE  LEVELS 


Henry  J.  Andreis 

First  Assistant 
Research  Department 
United  States  Sugar  Corporation 
Clewiston,  Florida 


INTRODUCTION 


Florl28SCZe8St,lSS"mby  ^  f^m.2St*±SB2.BC±ta*ineaSyd.,   was  observed  for  the  first  time  in 
Florida  on  June  28,  1978  (1).   Since  a  single  smut  whip  has  been  estimated  to  produce  as  many  as  5  billion 
rKEV?  rf    *™*"A*   of  whips  were  found  in  a  single  field  of  the  sugarcane  variety  cHJ-Xo  a  pos- 
sible build-up  of  viable  spores  in  Florida  organic  soils  was  a  matter  of  great  concern!  Fawcett  (3)  ?°und 
experimentally  that  spores  in  a  mineral  soil  die  within  a  few  months.   Experiments  carried  out  in  India 

I!  t    ;°rV     °%  ?f  SP°reS  k6pt  Und6r  dry  conditions  were  still  viable  after  2W  days  whereas 
under  moist  soil  conditions,  almost  all  of  the  spores  germinated  within  48  hours.   Waller  (5)  observed  that' 
germination  of  smut  spores  was  frequently  inhibited  even  in  moist  soils  due  to  the  presence  of  a  WistatL 
factor   He  felt  that  the  level  of  inhibition  shown  by  the  tested  soils  towards  germination  of  smut  Lores 
was  suf  icient  to  enable  an  appreciable  build-up  of  viable  inoculum  in  moist  soils  in  the  absence  of  a  cine 
crop   Information  on  longevity  of  sugarcane  smut  spores  in  organic  soils  at  various  moisture  contend  will 
be  helpful  in  understanding  the  disease  and  possibly  determining  ways  of  reducing  soil-borne  infection 


MATERIALS  AND  METHODS 

es  were  brushed   from  smut   whi 
CI   49-200 


S2006S  ^perbrUShed   fr0m  smu*  tlpS   C0llected    from  a  heavily    infected    field   of   sugarcane   variety 

-     a  des   ^catlr   for^bout8r      ,H  ^^    ^   SP°reS   Were  drled   3t   25-5°C   in  a  ~  °ve*  »d   stored 

in  a  desiccator   for  about   3  months   prior    to  use.      Spore   counts    indicated    approximately  40  billion   spores 
per   gram   of   the   stored   material    and   germination   tests    indicated   79%  viability. 

6  inrtrPfly  ff  ST  Cel!  mUCk  S011'  a  C°mm0n  °rganic  SOil  in  the  Everglades,  was  collected  from  the  top 
6  inches  of  a  field  located  east  of  Lake  Okeechobee,  an  area  where  no  smut  has  been  observed  in  commercial 
cane   fields.      The  soil   was   dried    to   about    16.5%  moisture,    and   1,600  grams   were   used    for  elch    treatment 

spo  L^eTgrL^rs^ir'Th^-T1^  ^  ^  *"  ^  ^^^  t0  *™  W^^tely  790  million  viable 
spores   per  gram   of   so  The   soil-spore  mixture  was   placed    in   8-liter   plastic   containers   after   adjusting 

a?L  prepared        ?h°4;  '   "J    ^-f"      ^  ^^   C°nsistinS   of    16'5*  «*-ture   soil    and   no   spore     wL 

also   prepared        The   4   containers   of   soil   were   covered   with   plastic   having   a  gauze   center    (to   let    in   air) 

was1   Idedr:dSIrSedaed?b°Ut    "^  °   "   *"    ^^      SOil   ^^  ~   ^^   °»  •   «^  ^Ts   andlaL 

Approximately  0.05  gram   of    the   soil    containing   spores  was   placed    in   10  cc   of   distilled   water        After 
vigorous   shaking,    the   suspension  was   allowed    to   sit   for  30  minutes.      The   samples  were   again  Ihaken   and 

the  plates   at   TlTZll  T*  — diately   and   dispensed   evenly   on  water  agar   plates.      After    incubating 

the   plates   at   33  C   for   6   hours,    germination  counts  were  made. 

servedSeonPt"MsYf   ^  M'^  "™    ""S**    *""   '    """    eaSt    °f   Lake   Oke-hobee   where   no   smut    has    been   ob- 

dt"  ^1S   sus«Ptible  variety.      The   upper  portions    of   the   stalks  were   placed    in   plastic   bags   for  20 
hours   to   enhance   germination.      An   electric   saw  was   used    to  minimize   damage  when   cutting    the   cane   into      ' 

Steinerer^Sf      'r"8"      ^f   ^    ^   ^   UPPSr  P0"i0n  °f    the   ?lant   were   selected   since   Byther   and 

nip!      Jr      susceptibility    increased    from   5    to   80%   in    one   variety   between   bottom   and    top   buds.      The 
single-eye   seedpieces   were   soaked    in   tap  water   for   1   hour   prior   to    inoculation.      Holding   the   cut   cane   in 
plastlc   bags   and   immersing    the    seedpieces    in  water  prior   to   inoculation  were  attempts   to  hasten   germination 
ends   inT"   f™natl0n   is  a   ke?   factor   **   «nut    infection.      The  seedpieces  were    inoculated   by  dipp^g  both 
ends    ma   soil-spore  mixture,    placing   them   in   flats   with   buds   up,    rubbing  a   paste  made    from   the   same  soil - 

pore  mixture   across    the  buds   and   covering  with  a   sterilized    organic    soil.      Flats   of   each    treatment   were 
then  placed    m   an   incubation   chamber   and   held   at   31°C   for  about   20  hours.      The  following   day   the   flats   were 
placed    m   a  greenhouse   and  heavily   watered.      When    the  plants  were   18-24   inches    tall,    they  were   transplanted 
m   field   plots    14   feet    long   at    the   rate   of   8   plants   per   plot,    each   plant   2   feet   apart.      There  were   4   rep 
m2TI      11    2T7«0f   S    rC"!a7tl0n  dat6S-      The    10"24'    10~26   and    10-3'-78   inoculations   were   placid   in  the" 
2    7    7.        ;    ;  IT   L  ^    11_7'    11_21*    ^    12~19-78   *«><*l*tions  were   placed    in   the   field   on    12-21-78, 

z-/-/y    and    3-27-79,    respectively. 
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Table  1.   Soil  temperatures  at  various  depths. 

~~  ora 

Soil  Depth  (Inches)  ii_ 

l  27.8 


Average 


26.9 
25.9 
25.3 
24.9 
24.6 
25.9 


a  Average  of  10  locations  in  standing  cane  taken  in 
October  with  air  temperatures  ranging  from  2  7.8°C 
to  29.4°C. 

Table  2.   Field  test  results  on  smut  spore  viability  after  varying  soil  exposure  ttaes  at  three  moisture 
levels.    __ - — 


Soil  Treatment 


Soil  Exposure  Time 


%  Moisture    Spores' 
16.5 
60.0 


Zero   2  da   1  wk   2  wk   4  wk   8  wk 


Infection 
Total      % 


109/g 


109/g 


129.9 
16.5 


109/g 


none 


11 

8 

13 

6 

4 

2 

16 

2 

9 

5 

2 

0 

10 

5 

4 

0 

0 

0 

1 

0 

1 

0 

0 

0 

44  a  23.0 

34  ab  18.0 

19  be  10.0 

2  c  1.0 


Spores  were  79%  viable  at  initiation  of  experiment. 

As  of  July  27,  1979. 

Totals  followed  by  the  same  letter  are  not  significantly  different  from  each  other  at  the  .05  level 

based  on  the  Duncan's  multiple  range  test. 


Table  3. 


Effects  of  soil  exposure  time  at  three  soil  moisture  levels  on  spore  germination 


16.5 


Exposure  Time 


Date 


60.9  129.9 

Germination  % 


16.  5C 


Zero 
24  hr 
48  hr 

1  wk 

2  wk 
4  wk 
8  wk 
14  wk 
28  wk 
33  wk 
37  wk 
43  wk 
52  wk 


10-24-78 
10-25-78 
10-26-78 
10-31-78 
11-7-78 
11-21-78 
12-19-78 
2-8-79 
5-16-79 
6-27-79 
7-26-79 
9-7-79 
10-24-79 


79.0 

b 


72.5 
66.7 
65.7 
62.0 
57.9 
44.0 
35.3 
19.0 
9.0 
few 


79.0 

b 


70.8 

40.7 
4.2 
few 
few 


79.0 
39.0 

20.0 

e      c 
few 

few 


Control,  no  spores 


Not  checked. 


Few  per  plate. 


45 


RESULTS  AND  DISCUSSION 


The    first    smut    whips    were    observed    on   2-27-79    in    the    10-24      10-26   anrf    in    li    7«    ■  i       ■ 

fro.    infection    to  .hi    "„  rg      c    .         '       ^.TlSeS  5b.TJfLTi^  t""""    ^  "T   ""  ""    *h"    "   "^ 
the    field   observations  on   7:27-79,    the   i™24    IS  and    10.3,    7*   ,  ,    ~™"Jd-      «    the   conclusion  of 

-nths  while    11-7,    1,-21,    n„d    ,2-1,-78   Jli,!,"^  ^"L^ u'H  a"  „  T5 '"nt h    "^  "      •      , 
In   numerous   microscopic    observations,    no  spores   were   seen    in    the  control   soil!  '    ""^'"'^ 

The   smut    spores   used    in    this  work  were  stored    in   a  desiccator   for    T  m„„*K  a   c    j 

centage   of    79   at    the   start    of    the    trial    (Table  3)        After   1  7  ,  hT  /^   '  ^™">"'°»  P«" 

soil    containing    129. M  moisture,    spore  ,„!„,„  dropped    to   39?'    207     ,  " ,        ^""'    »   "  -TO-ic 

none   respectively.      Sporea  „pose/£o  £„  „£^       h   d  no  viable     p"  as a,   " V^T  "j!""   T" 
ge„r„ated   spores  per  plate   were  observed  after  approximately   1  year   of   lZ"rT"tlt   iTaT.oXare  organic 

effect   of  soil   on  spore  viability     "desired,   L%%'" ^ZMll  ^"Sl^ZSj!  C<","r"ln8  "" 

and  ,oB:rL"  :p:rer„ifr":iid-viabLf!:srrL„pn:euh  s^Lr^j^Si1-  slss^^s  after ' y"- 
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DE-FUZZING  SUGARCANE  SPIKELETS  WITH  A  SAMPLE  SEED  SCARIFIER- 

R.  D.  Breaux 

U.S.  Sugarcane  Field  Laboratory 

Science  and  Education  Administration,  USDA 

Houma,  Louisiana  70361 

ABSTRACT 

The  whorl  of  long  bristles  that  surrounds  each  sugarcane  spikelet  gives  the  sugar  can  e  ^f°^c^Ce 
a  silS  appearance  and  true  seed  of  sugarcane  a  fuzZy  appearance.   When  seed  viabi lity  is  lj™  «£»  £0 
seed  per  gram,  a  thick  mat  of  fuzz  must  be  sown  to  obtain  an  adequate  plant  population  per  flat  in  the 
seed  per  8raln'  difficulty  growing  through  the  thick  fuzz  mat;  control  of  fungi  and 

a  moderate  loss  in  germination  of  seed  in  thinly  sown  flats  and  a  net  gain  in  germination  of  seed  of  low 
viability  in  thickly  sown  flats. 

INTRODUCTION 
Bach  applet  in  th^rc-  inflo™-, «jj.  -™-^.«  *%?»££?«  Itl^Z   sus«- 

n   ,   rt.fsiana   First   it  increases  greenhouse  utilization  by  allowing  the  sowing  of  seed  from  crosses 

r9rot„^ 

which "threatens   the  „ TZZllli  ").    were   to   enter   Florida  before  Louisiana,    as   Florida    is    the   source  of 
seed   for   the  Louisiana   seedling  program. 

SE£r£^^^ 

methods  previously  reported. 


MATERIALS  AND  METHODS 


2/ 


Fieure  1  shows  the  necessary  equipment  -  scarifier,  screened  funnel,  and  brush   The  Forshag- 
.-m„lP  Seed  scarifier  is  powered  by  a  1/3  hp  electric  motor.   The  inside  wall  of  the  drum  is  lined  with  a 
Jolrit  alumina  oxide  production  cloth;  th'e  rotor  that  turns  at  1725  revolutions  per  minute  is  steel. 

Spikelets  are  de-fuzzed  in  the  scarifier  as  follows:  a  12  to  15  g  sample  of  fuzz  is  placed  loosely  in 
♦i,  a  atTthl   Larifier  is  turned  on  for  45  seconds.   The  machine  pulls  out  the  long  callus  hairs  and 

rolls  or  bal   them  uP   Thtufs  of  hairs  are  separated  from  the  spikelets  by  brushing  the  sample   ight  y 
for  a  rew minutes  over  a  0.3  cm  sieve  or  hardware  cloth.   The  spikelets  pass  through  sieve  and  funnel  into 
a  suitable  container. 

In  two  greenhouse  experiments,  the  effect  of  the  de-fuzzing  process  on  germination  was  measured    In  the 
first  experiment,  fuzzed  and  de-fuzzed  spikelets  of  7  bi-Parental  crosses  were  sown  at  the  rate  of  7.5  g 

initial  fuzTwelght)  per  seedling  flat  measuring  35  cm  x  50  cm.   Preliminary  germination  tests  on  2  g  samples 
indicated  that  tnese  7  crosses  ranged  in  viability  from  3  to  120  viable  seed  per  gram  of  fuzz.   Fuzz  mats  m 
the  control  were  thin  (0.004  g/cm2)  in  this  experiment. 


ith  the  Louisiana  Agricultural  Station. 


-U   contribution  from  FR,  SEA,  USDA  in  cooperation  w 

^Distributed  by  the  Seedburo  Equipment  Co.,  1022  W.  Jackson  Blvd.,  Chicago,  111.   60607   Mention  of  a 
trademark  or  proprietary  product  does  not  constitute  a  guarantee  or  warranty  of  the  product  by  the  U.S. 
Defartment  of  Agriculture!  and  does  not  imply  its  approval  to  the  exclusion  of  other  products  that  may 
also  be  suitable. 
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Fig.  1.   Scarifier  funnel  with  screen  and  brush  used  to  de-fuzz  sugarcane  spikelets. 

In  the  second  experiment,  fuzzed  and  de-fuzzed  seed  of  24  bi-parental  crosses  were  sown  at  a  fourfold 
t  a    ^6;\    8  (initial  fuzz  weight)  per  one-quarter  seedling  flat.   Preliminary  germination  tests  indi- 
cated that  fuzz  of  these  24  crosses  all  had  relatively  low  viability,  ranging  from  1-27  viable  seed  per 
gram.   Fuzz  mats  in  this  experiment  were  much  thicker  (0.017  g/cm2) . 

In  both  experiments  the  final  seedling  count  was  made  3  weeks  after  seeding  by  removal  of  seedlings 
individually  from  each  flat.   The  data  were  analysed  statistically  as  paired  comparisons  of  the  germination 
of  fuzz  and  de-fuzzed  seed  in  each  experiment. 

RESULTS  AND  DISCUSSION 

Figure  2  shows  the  relative  quantities  of  untreated  fuzzed  seed  (upper  left),  de-fuzzed  spikelets 
mixed  with  tufts  of  hairs  just  as  it  comes  from  the  scarifier  (upper  right),  and  the  final  de-fuzzed  spike- 
lets after  sieving  (center).   The  reduction  in  volume  of  fuzz  after  scarification  and  screening  is  over  60% 
De-fuzzed  spikelets  establish  better  contact  with  the  soil  surface  and  uniform  moisture  is  easier  to  maintain. 
Seedlings  also  germinate  and  become  established  quicker  and  with  less  difficulty  than  in  thick  mats  of  fuzz 


~*»mam 


Fig.  2.   The  untreated  fuzz  (upper  left),  the  de-fuzzed  spikelets  mixed  with  tufts  of  fuzz  (upper  right), 
and  the  final  de-fuzzed  spikelets  after  screening  (center)  from  an  equal  initial  weight  of  seed. 
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Table  1.   Germination  of  fuzzed  and  of  de-fuzzed  sugarcane 

No.  seedlings  germinated 
Fuzzed         De-fuzzed 


seed  in  lightly  sown  flats  (7.5  g/1750  cm2). 


Cross 
No. 


t 
value 


500 
501 
503 
504 
.505 
506 
525 


40 
150 
195 

18 
441 
656 
840 


26 
98 
160 
16 
369 
656 
833 


Av. 


334 


308 


2.48* 


*  Significant  at  5%  level  of  P. 

When  the  fuzzed  and  its  paired  de-fuzzed  sample  were  sown  more  thickly,  the  germination  of  ^  de"Ju^^ 

level  of  response  varied  greatly  from  cross  to  cross  (Table  2) . 

Table  2.   Germination  of  fuzzed  and  of  de-fuzzed  sugarcane  seed  from  crosses  with  low  seed  viability  in 

thickly  sown  flats  (7.5  g/438  cm2). 

Cross  No.  seedlings  germinated 

No.  Fuzzed De-fuzzed 


Cross 

No. 


No.  seedlings  germinated 
Fuzzed         De-fuzzed 


t 
value 


52 

54 

55 

56 

70 

71 

72 

73 

75 

77 

78 

87 

92 


52 
94 
103 
185 
173 
150 
22 
68 
188 
14 
77 
40 
33 


73 
104 
92 
203 
2  20 
175 
35 
65 
231 
19 
147 
41 
46 


94 
96 
99 
101 
105 
106 
126 
138 
140 
143 
144 

Av. 


18 

101 

2 

178 

9 

6 

30 

84 

19 

16 

71 

72 


44 

112 

4 

240 

10 

23 

35 

96 

39 

20 

91 

90 


4.72** 


**  Significant  at  1%  level  of  P. 
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The  results  showed  that  the  spikelets  of  these  31  crosses  can  he  de-fuzzed  in  the  scarifier  with  no 
more  than  a  moderate  loss  in  germination  and  that  a  net  gain  can  be  expected  when  fuzz  1,1  w  I   \ 
sown  thickly  to  obtain  opt™  populations  in  flats.   At  Houma,  all         h  i^s  than  ?0  viable  TJ/ 
gram  has  been  de-fuzzed  before  planting  for  the  past  2  years,  'ihe  procedure  has  resuUed  in  be  te  u tU? 
zation  of  greenhouse  space  and  increased  seed  germination.  n  better  utili- 


SUMMARY 


The    sample    seed    scarifier   de-fuzzed    sugarcane   seed   more   quickly    than   previously    renortPH    mo*t,   a 
a  moderate   reduction    in  germination  occurred    in   the   process      and   eeL  ,'  reported  methods.      Only 

compared    to   fuzz   sown   in    thick  mats    to   obtain   optimum  SLj J  pop^tioL  *^^^    ***™*  when 

REFERENCES 

1.  da  Silva,  W.  M.   1975.   De-fuzzing  of  true  sugarcane  seeds.   ISSCT  Sugarcane  Breeders  Newsletter  35:21-23. 
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YIELD  RESPONSE  OF  THREE  SUGARCANE  VARIETIES  TO  CONTROLLED  WATER  TABLES- 

Cade  E.  Carter 
Agricultural  Engineer,  Baton  Rouge,  Louisiana 


ABSTRACT 

.    m        c        ~4*-naa   rv   48-103  L62-96,  and  L  65-69  with  the  water  table  maintained 

Cane  and  sugar  yields  of  varietl"  "  **^;n"'  different  from  yields  with  the  water  table  main- 
two  feet  below  the  soil  surface  were  not  sign i  -antly  d  f  e  y        ^  ^^   ^  ^^  ^ 
tained  4  feet  below  the  soil  surfa ce  "  "73 ,  1974,  lgy   respectlvely .   The 

S^TLT^fJ  «>^~  ^^-S  P-ts  of  silty  clay  loam  soil  on  LSU's  research 
farm  near  Baton  Rouge,  Louisiana. 

INTRODUCTION 

ri,   nHH  1920's  the  sugarcane  industry  in  the  United  States  has  depended  heavily  upon  the 
Since  the  mid-1920  s  the  sugarcane  i      y  significant  yield  reduction  due  to  sugar- 

development  of  new  varieties  for  survival   The  poten  -1  ^  ^        J       has     Ued  fa  an  elaborate 
cane  diseases,  which  severely  crippled  the    .  pastry  ^  ^e    J  throughout  the  world.   New 

sugarcane  breeding  and  variety  development  program   a  industry,  State,  and  Federal  agencies, 

varieties  are  released  almost  annually  m  the  US  by  «£«^        ^ram  al    with  other  practices 

^r^sss^t^rfS  s^s-^^^iis-  pthat  ^  «—  tat  aiso  ^  *. 

creased  sugarcane  yield,  sucrose  content,  and,  consequently,  sugar  yields. 

In  i967,  studies  ^r^^^:-T&:^^^^:^^^z  zatztjv;^ 

and   subsurface  drainage   increasing  yields   significantly    (3 ,    4; .  P        recommended   by   the  American 

mine  design  parameters   ^fjjld  Jr.jn^y- 1=    U.^   ^^  ^   ^    new  varieties  have  been 

r^edl   coSuenay,'   S  S^O  decreased    in  popularity   and  was   dropped  from   the    list   of    recommended 
varieties . 

Since    it  -as  not   to»„  whether   current!,    -co-e.de,    s„f S^S^jS'.^SS  JSrSSJ' 
water   table  control   and   drainage     an  experiment   was   needed    "   <Jeter„ne     hi  differential 

T^fll^Z  SimSU5  V^eUe:   5   ^can.   to    -   constant   water   tables. 

PROCEDURE 

„     n,   is   mi     l    62-96      and  L   65-69,    were   planted    in   the   fall    of 
Three  commercial   varieties   of   -^rcane     CP   48-103     L   62  9 6      and  ^P   ^    ^  ^   ^  ^ 

1972   in   12   concrete-bordered   field  plots,    0.01   acre    in   size      on  y  y  surface   and   con- 

Research   Farm  near  Baton  ^^J^^^^S.^'^^:  Stalled   5    feet   deep   and   9   feet   apart, 
tinned   downward   4.5   feet.      Insi de  eacn  P±«.  control   sump   outside   the   plot   area.      Each   sump   was 

^^^l^^CT^^^   COS  valve,    and   a  drai      so    that    the  water    in  both    the   sump   and 
the  plot   could  be  maintained   at   any  level    from   the    soil    surface   to   5    feet  below   it. 

t      a   hi      1973      after   a  good   stand   of   cane  was   assured,    treatments   of   constant  water    table   levels   2   and 
In  April,    1973      after  a  good   stana  ,  t        of   rldge   and   bottom  of   furrow)   were    imposed   on 

4   feet  below   the   soil    surface   (measured  half-way  between top   or  g  ^^  main_ 

the   plots  with  each   treatment   replicated    twice   for   ea ch  varie ty       Wat        t  completed.      A  check 

tained    continuously    (during  both  growing  and   d«u.tj.  ""g;™^   na  urally  was    located   on   the    same   soil 
plot  for  each  variety  where  the  water   table  was   allowed   to   f ^tuate^atural  y  ^   ^   ^^ 

type   as   the   controlled  water    table  plots  ^ut   about  350  fe et  away        J^^m* ing,    fertilizer,    and   pesti- 
STates   anfthe^e  SpVand'n^Ifof   S^SSf-T^   controlled  water    table   treatments,    but 
they  were  not   replicated. 

Conventional   planting  and   cultivating  practices  "?" J^fSlTlJclTut  SS^   S^TS.  ' 
feet  .part.      Small   diameter  cased  wells    instal led  ™  'J^"1^™  £  ^SrS^  was   adjusted   as   needed 
rSsS" l£l~«T SSU  f  in  £  "        -     "»t,    first    ratoon,    and   second   ratoon  crops  were 


I'  A  contribution  from  the  Southern  Region,    SEA,    FE,    USDA   in   cooperation  with   the  Louisiana 
Experiment   Station. 
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££«  »,  use,  „  det«.tee  JuIce  qUty  ^'LS^i^^T^  23  Sl.SS^%„ 


RESULTS 


Cane  and  sugar  yields  for  each  of  the  three  sugarcane  varieties  were  similar  for  both  h,„  ? 
txons  for  each  treatment,  yield  differences  attributed  to  water  table  treatment  were  not  significant! 


Table  1.   Cane  and  sugar  yields,  1973-1975, 


Yields 


Water  1973  [^74  r^: 

Sugarcane   Table       Cane     Sugar     Cane     Sugar     Cane    Sugar  clT"  T 

Treatment    (T/A)     (T/A)      (T/A)     (T/A)      (TA)    g/5  ^       ggj 


CP  48-103 

2 

33.2a 

3.47a 

32.4a 

3.66a 

23.3a 

2.94a 

29.6 

3.36 

CP  48-103 

4 

33.4a 

3.61a 

31.9a 

3.04a 

27.8a 

3.40a 

31.0 

3.35 

CP  48-103 

Check 

22.7 

2.49 

27.3 

2.93 

25.0 

2.60 

25.0 

2.67 

L  62-96 

2 

30.1a 

4.05a 

29.9a 

3.64a 

22.8a 

3.04a 

27.6 

3.58 

L  62-96 

4 

31.0a 

3.94a 

26.7a 

3.14a 

25.1a 

3.22a 

27.6 

3.43 

L  62-96 

Check 

23.0 

2.69 

25.7 

2.81 

20.9 

2.29 

23.2 

2.60 

L  65-69 

2 

33.2a 

3.2  7a 

31.6a 

3.50a 

24.6a 

2.72a 

29.8 

3.16 

L  65-69 

4 

35.2a 

3.41a 

29.5a 

2.74a 

25.5a 

3.08a 

30.1 

3.08 

L  65-69 

Check 

30.1 

2.89 

31.4 

2.74 

20.3 

2.34 

27.3 

2.66 

Cane  and  sugar  yields  of  each  variety  followed  by  the  same  letter  each  year  are  not  significantly 
different  at  the  95%  level  of  probability.  ^unitdiiny 

Table  2.   Monthly  and  annual  rainfall.  Baton  Rouge,  Louisiana. 


Year 


Month 

-^ ^ ^ &!: Mav June   July   Aug.    Sept.    Oct.    Nov.    Dec.       Annual 

Rainfall  (inches) 
3-6    2.8    11.8    10.4   4.4   3.0    4.5    5.8    11.1    2.5    8.0    7.9 


1973 

1974        7A  4'8     4-6    7.8   6.4    1.1  5.9     4.9    0.5    5.2    4.2 

l-2  4-3    8.2   9.0   6.2    10.6    9.6     2.3    1.3    3.1    3.4 


1975        8.6 


75.8 
59.7 
67.8 


t,    Apparently  the  sugarcane  roots  adapted  readily  to  the  two  constant  water  levels  in  the  soil.   After 
distribution""^  Sever^.trenches  about  3  fe"  deep  were  excavated  across  the  cane  rows  to  observe  root 
2  fee  o the  Jll     °bY10V    roots  in  the  2-foot  water  table  plots  had  been  restricted  to  the  upper 
LIT-   ,b  profile,  whereas  m  the  4-foot  water  table  plots  the  roots  grew  deeper.   In  both  treat- 

ment, the  major  portion  of  the  cane  roots  appeared  to  be  in  the  upper  18  inches  of  the  soil  profile   No 
physical  measurements  of  the  roots  were  made.  prorne.   wo 

Cane  and  sugar  yields  for  the  controlled  water  table  treatments  were  considerably  lower  in  1975  for 

Ael72errl»L     T  ^  the  ^  Preceedin8  years  ^^    D  ■   This  may  have  been  due  to  the  natural 

yield  decrease  of  sugarcane  or  to  damage  by  hurricane  Carmen  in  early  September  1974.   High  winds  during 
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v.        „o     „artl>Mlariv  where  the  cane  stalks  were  tall  and  heavily  populated. 


This 


Table  3.   Plant  population  and  stalk  weights,  1973-1975 


Water 
Table 
Variety     Treatment 


Plant  Populations  and  Stalk  Weights 

7973  1974  197  5 


(Ft)       (PPA)*      (PPS)**      (PPA)      (PPS)      (PPA)     (PPS) 


CP  48-103 

2 

34800 

1.92 

38200 

1.70 

31800 

1.46 

CP  48-103 

4 

33100a 

2.02b 

40600a 

1.56b 

32650a 

1.70b 

CP  48-103 

Check 

24800 

1.83 

32300 

1.69 

34300 

1.46 

L  62-96 

2 

24250 

2.48 

29650 

2.01 

25100 

1.82 

L  62-96 

4 

24350° 

2.56a 

27650b 

1.94* 

25000b 

2.00a 

L  62-96 

Check 

20800 

2.21 

26500 

1.94 

24600 

1.70 

L  65-69 

2 

29450 

2.25 

37000 

1.71 

30950 

1.59 

L  65-69 

4 

29750b 

2.38ab 

351503 

1.68b 

33250a 

1.53b 

L  65-69 

Check 

30200 

1.99 

31600 

1.99 

26400 

1.54 

*  PPA  =  Plants  per  acre. 
**  PPS  =  Pounds  per  stalk. 


Plant  populations  and  stalk  weights  of  each  variety  followed  by  the  same 
ficantly  different  at  the  95%  level  of  probability. 


3-Year  Average 

(PPA)  (PPS) 

34933  1.69 

35450  1.76 

30467  1.66 

26333  2.10 

25667  2.17 

23967  1.95 

32467  1.85 

32717  1.86 

29400  1.84 


letter  each  year  are  not  signi- 


■ 


It  is  interesting  to  note  that  cane  yields  among  varieties  were  similar  each  year  yet  plant  popula- 

Cane  and  sugar  yields  from  the  controlled  water  table  treatments  were,  in  most  cases,  higher  than 
Cane  and  sugar  yieiub  varieties  CP  48-103,  L  62-96,  and  L  65-69,  respectively,  3-year 

not  analyzed  for  significance  since  the  check  plots  were  not  replicated. 

The  3-vear  average  yield  differences  between  the  controlled  water  table  treatment  and  the  check  were 
The  3  year  average  yiei Q  varieties  primarily  because  of  higher  yields  from  the 

Hs-S  check!  'SL  indicates  thft  variety  L  65-69  may  be  more  tolerant  to  a  fluctuating  water  table  than 
the  other  two  varieties. 

Water  table  data  for  one  check  plot  in  1974  and  1975  is  shown  in  Fig.  1.   The  water  table  fluctuation 
for  the   h  r  two  Tel     l^ts  were  sLilar.   The  high,  fluctuating  water  table  is  due  primari  y  to  -cessive 
rainfall.   During  the  period  of  this  experiment  rainfall  was  above  average  each  ?--   ^infa*!  da  a  Table 
show  that  the  annual  rainfall  exceeded  the  55-inch  annual  average  by  21,  5,  and  13  inches  during  j   , 
and  197?   respectively.   The  estimated  annual  rainfall  needed  to  meet  the  evapotranspiration  demand  at 
Baton  plge  uTing  Thornthwaite's  Water  Balance  Method  (6),  is  40  inches   Therefore,  rainfall  exceeded  the 
estimated  water  need  by  36,  20,  and  28  inches  during  1973,  1974,  and  1975,  respectively. 


53 
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EC 


Figure  1.   Water  table  depth  below  the  soil  surface  in  the  L  62-96  variety  check  plot. 


REFERENCES 


1.  Camp,  C.  R.,  and  Cade  E.  Carter.   1975.   Field  Evaluation  of  Subsurface  Drainage  for  Sugarcane  in 

Louisiana.   Proc.  ASSCT  4(NS): 19-24.  8       ln 

2.  Carter   Cade  E. ,  Charles  B.  Elkins,  and  Jesse  M.  Floyd.   1970.   Water  Management  in  Sugarcane 

Production.   Proc.   ASSCT  17:10-24. 

3.  Carter   Cade  E   and  Jesse  M.  Floyd.   1971.   Effects  of  Water  Table  Depths  on  Sugarcane  Yields  in 

Louisiana.   Proc.  ASSCT  l(NS):5-7. 

4.  Carter,  Cade  E.,  and  Jesse  M.  Floyd.   1973.   Subsurface  Drainage  and  Irrigation  for  Sugarcane 

TRANSACTIONS,  ASAE  16(2) : 279-281 ,  284.  sugarcane. 

5.  Carter,  Cade  E.   1977.   Drainage  Parameters  for  Sugarcane  in  Louisiana.   Proc,  Third  Nat'l 

Drainage  Symposium,  ASAE.   pp.  135-138. 

6.  Thornthwaite,  C.  W. ,  and  J.  R.  Mather.   1957.   Instructions  and  Tables  for  Computing  Potential 

Evapotranspiration  and  the  Water  Balance.   Drexel  Institute  of  Technology.   Climatology:  19(3)  31 


lpp. 


54 


THE  EFFECT  OF  FERTILIZER  POTASSIUM  ON  QUALITY  OF  JUICE  AND  YIELD 
FROM  STUBBLE  CANE  OF  EARLY  MATURING  VARIETIES 

Laron  E.  Golden 

Agronomy  Dept. ,  Louisiana  Agricultural  Experiment  Station 

Baton  Rouge,  Louisiana 

ABSTRACT 

Data  were  obtained  at  10  locations  during  the  four-year  period,  1972-75,  to  determine  the  effect 
of  fertilizer  K  on  juice  quality  and  yield  from  stubble  cane  of  the  early  maturing  varieties,  CP  48-03, 
T  60  25  L  62-96  L  65-69  and  CP  65-357.   Selected  for  the  study  were  soil  types  on  which  increases  in 
yield  of  cane  are  normally  associated  positively  with  application  of  fertilizer  K.   At  the  first  sampling 
early  in  Sctober!  application  of  K  resulted  in  average  increases  in  sucrose  content  of  normal  juice  0.58 
percentage  point  anS  purity,  2.09  percentage  points.   The  increase  in  sugar  per  net  ton  of  cane  was  9.9 
percentage  point      p    y  Average  net  cane  yields  early  in  October  were  estimated  by  con- 

sidering a  lull  !e  s  obtained  at  harvest  lite  in  November.   Based  on  net  cane  and  on  sucrose  and  purity 

ba^  fi—nf  orfan /^  SlTlb'to  Z^^  ^l^V^^   SS   %£££ 

Screase  due  to  K  at  harvest  was  546  lb  per  acre.   Of  this  amount,  359  lb  were  from  increase  in  net  cane 
and  187  lb  from  improvement  in  juice  quality. 

INTRODUCTION 

The  effect  of  fertilizer  potassium  (K)  on  juice  quality  has  been  reported  by  several  workers 
(1,2,3,4,6,7). 

From  information  obtained  in  112  field  experiments  with  sugarcane  in  Puerto  Rico,  Samuels  and  Landrau 
(6)  found  thaHse  of  K  increased  sucrose  concentrations  in  cane  only  if  cane  yields  were  also  increased. 

Borden  (1)  noted  in  Hawaii  that  the  highest  yields  of  cane  and  sugar  were  generally  from  high  nitrogen 
(N)  and  K  fertilization  rates.   The  best  juice  purities  and  sucrose  yield  percent  cane  were  found  from  low 
N-high  K  treatments. 

From  work  with  a  series  of  fertilizer  x  soil  type  x  variety  tests  during  a  seven-year  period  in  the 
Philippines!  Tabayoyong  (7)  reported  that  sugar  percent  cane  was  not  affected  significantly  by  soil  type  or 
by  fertilization. 

A  study  conducted  in  Louisiana  by  Golden  and  Abdol  (2)  showed  general  improvement  in  juice  quality  due 
to  fertilizer  K  by  stubble  cane  of  three  early  maturing  varieties  and  a  decrease  m  juice  quality  due  to 
fertilizer  K  by  cJ  52-68.   In  plant  cane,  application  of  fertilizer  K  resulted  in  some  juice  quality  im- 
provement in  early  maturing  varieties  but  none  in  CP  52-68. 

The  purpose  of  this  study  was  to  determine  the  effect  of  fertilizer  K  on  quality  of  juice  and  yield 
from  stubble  cane  of  early  maturing  varieties. 

MATERIALS  AND  METHODS 

Sucrose  purity  and  yield  data  were  obtained  during  1972-75  from  fertilizer  tests  with  first  and 
second  stubble  sugarcane  grown  at  locations  shown  in  Table  1.   Early  maturing  varieties  selected  for  the 
study  were  CPAS-lull  60-2^  L  62-96,  L  65-69  and  CP  65-357.   The  soil  types  selected  were  those  on  which 
^ppUed  fertilizer  K  has  normally  resulted  in  yield  increases  of  cane  (2,5).   Plot  size  varied  from  0.08  to 
0.25  acre. 


Table  1.   Locations,  varieties  and  soil  types  on  which 
Plantation        Year        Variety 


field  tests  were  conducted. 


Location 
number 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Johnson 

Johnson 

Evan  Hall 

Columbia 

Oaklawn 

Oak lawn 

Oaklawn 

Evan  Hall 

Columbia 

McLeod 


1972 
1973 
1974 
1974 
1974 
1974 
1974 
1975 
1975 
1975 


L  62-96 
L  62-96 
CP  48-103 
CP  48-103 
L  60-25 
L  62-96 
L  65-69 
CP  48-103 
CP  48-103 
CP  65-357 


Class(age) 
of  cane 


First  stubble 
Second  stubble 
First  stubble 
First  stubble 
First  stubble 
First  stubble 
First  stubble 
First  stubble 
Second  stubble 
First  stubble 


Soil  type 


Commerce  sil 
Commerce  sil 
Commerce  sil 
Commerce  sil 
Baldwin  sil-Iberia 
Baldwin  sil-Iberia 
Baldwin  sil-Iberia 
Commerce  sil 
Commerce  sil 
Commerce  sil   
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Fertilizer  N  was  applied  at  a  constant  rate  of  160  or  240  lb  per  acre  in  each  test.   At  each  location 

r!Sonftfrrm  the  CheCk'  °r  N"°nly  treatment>  were  compared  with  the  treatment  which  received  K  at  the  rate' 
or  oU  lb  of  K„0  per  acre. 

Samples  consisting  of  20  stalks  each,  were  obtained  for  juice  quality  determinations  early  in  Octobei 
and  late  in  November  from  cane  as  it  existed  in  the  field  prior  to  harvest.  Yield  data  were  obtained  late 
in  November  after  the  second  series  of  samples  was  obtained.  Sugar  yields  per  net  ton  of  cane  were  calcu- 
lated by  use  of  a  modification  of  the  Winter-Carp  formula. 

Topsoil  samples  were  obtained  in  the  spring  from  check  plots  at  each  location. 

RESULTS  AND  DISCUSSION 

Table  1  contains  information  showing  locations,  varieties  and  soil  types  on  which  field  tests  were 
established.   At  locations  5,  6,  and  7,  three  of  the  six  replicates  were  on  medium  to  heavy  textured  soils 
Soils  m  the  other  replicates  and  at  all  other  locations  were  light  textured.   Extractable  K  in  all  soils  ' 
was  medium  low  to  low. 

yie 
res 
relatively  consistent 

Averages,  increases  over  check,  and  statistical  data  for  all  locations  are  shown  at  the  bottom  of 
Table  2.   Statistically,  all  increases  over  check  were  highly  significant. 

At  the  first  sampling,  it  can  be  seen  that  application  of  K  resulted  in  an  increase  in  sucrose  content 
of  normal  juice,  0.58  percentage  point,  and  an  increase  in  purity,  2.09  percentage  points.  The  increase  in 
sugar  per  net  ton  of  cane  was  9.9  lb  or  the  increase  over  check  was  6.3%. 

Table  2.   The  effect  of  fertilizer  K  on  sucrose  content  and  purity  of  normal  juice  and  on  yield  of  sugar- 


First  sampling 

---■ *  -"«? 

At  harvest 

Sucrose 

Purity 

Yie 

Id 

Lcn. 

Sucrose 

Purity 

Cane 

Sug 

ar 

No. 

Ck 

K 

Ck 

K 

Ck 

K 

Ck 

K 

Ck 

K 

Ck 

K 

Net  tons/Acre 

lb/A 

ere 

1 

11.54 

11.84 

76.72 

77.45 

14.46 

14.89 

82.20 

82.46 

32.51 

32.10 

6739 

6899 

2 

11.87 

12.64 

77.99 

80.23 

14.49 

14.82 

83.36 

84.18 

28.47 

28.77 

5912 

6141 

3 

10.62 

11.21 

73.35 

75.12 

12.59 

12.90 

78.63 

80.70 

27.86 

29.97 

4980 

5419 

4 

11.76 

12.19 

73.74 

75.28 

12.98 

13.45 

79.87 

81.48 

32.93 

34.06 

6006 

6495 

5 

12.86 

13.02 

74.11 

75.46 

14.14 

14.94 

79.53 

81.55 

37.09 

42.49 

7666 

9153 

6 

12.36 

13.48 

67.55 

73.59 

15.02 

15.30 

79.02 

80.14 

33.01 

35.29 

7280 

7878 

7 

10.94 

11.42 

61.74 

62.99 

14.89 

15.09 

77.01 

77.52 

40.36 

40.94 

8610 

8898 

8 

10.87 

11.81 

76.43 

79.31 

13.43 

13.61 

81.27 

81.74 

29.37 

30.16 

5578 

5845 

9 

11.59 

11.91 

74.45 

75.62 

14.79 

14.89 

83.97 

84.40 

28.60 

31.78 

6090 

6823 

10 

10.71 

11.35 

73.38 

75.37 

14.29 

14.50 

80.73 

81.31 

29.37 

31.96 

6005 

6693 

Ave. 

11.51 

12.09 

72.95 

75.04 

14.12 

14.44 

80.55 

81.55 

31.96 

33.75 

6478 

7024 

Inc. over  Ck. 

- 

.58 

- 

2.09 

- 

.32 

- 

1.00 

- 

1.79 

- 

546 

LSD  .01 

- 

.24 

- 

.86 

- 

.18 

- 

.57 

- 

1.08 

- 

265 

At  harvest,  the  increase  in  sucrose  content  of  normal  juice  was  0.32  percentage  point  and  the  increase 
in  purity  was  1.00  percentage  point.   The  increase  in  sugar  was  equivalent  to  5.4  lb  per  net  ton  of  cane 

or  2.7%. 

The  increases  in  yields  due  to  K  were  1.79  net  tons  of  cane  and  546  lb  of  sugar  per  acre,  respectively. 
The  increase  in  net  tons  of  cane  from  the  early  maturing  varieties  studied  was  approximately  equal  to  that 
obtained  due  to  K  applied  in  a  large  number  of  tests  with  stubble  cane  of  the  older,  and  generally  medium 
to  late  maturing,  commercial  varieties  in  Louisiana  (2,5).   The  effect  of  the  0.32  percentage  point  increase 
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in  sucrose  and  1.00  percentage  point  increase  in  purity  at  harvest  was  equivalent  to  187  lb  of  sugar  per 
acre,  or,  of  the  546  lb  increase  in  sugar,  359  lb  were  due  to  increase  in  net  tons  of  cane  and  187  lb  to 
increase  in  sucrose  and  purity. 

Although  yields  were  not  obtained  at  the  first  sampling  early  in  October,  it  may  be  assumed  that  the 
averages  from  check  and  K  treatments  were  approximately  30.0  and  31.6  net  tons  per  acre,  respectively  (2). 
Sling  this  assumption,  and  juice  data  obtained  at  the  first  sampling,  the  increase  xn  f«« /^d  g8  J° 
K  was  592  lb  per  acre  at  the  first  sampling,  with  280  lb  due  to  increase  in  net  tons  of  cane  and  312  lb  to 
increase  in  sucrose  and  purity. 

The  data  presented  show  that  the  total  increase  in  sugar  yield  resulting  from  ^plication  of  *«tj"«r 
K  to  the  early  maturing  varieties  studied  was  generally  constant  throughout  October  and  November  but  the 
portion  of  the  increase  attributable  to  improvement  in  juice  quality  was  greater  early  than  late  in  the 
harvest  season. 
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ABSTRACT 


Potassium  is  the  most  abundant  mineral  in  sugarcane  juice;  processing  concentrates  potassium  in  the 
final  molasses  where  high  levels  may  inhibit  the  crystallization  of  sucrose.   Crusher  juice  samples  of 
sugarcane  from  replicated  variety  tests  were  assayed  for  K+  by  an  ion-selective  electrode.   Despite  large 
variation  within  tests,  differences  in  K+  content  were  statistically  significant  among  the  7  varieties  and 
9  locations  tested.   Potassium  concentration  was  lowest  in  the  juice  of  CP  61-37  and  highest  in  L  61-67- 
however,  the  range  of  differences  among  locations  was  6  times  that  among  varieties.   Differences  among  ' 
locations  may  be  due  to  fertilization  practices  or  soil  type.   Juice  from  cane  tops  contained  nearly  twice 
the  amount  of  K+  as  did  stalks,  but  the  concentration  decreased  in  tops  while  it  remained  unchanged  in  stalks 
as  the  harvest  season  progressed.  ~ 


INTRODUCTION 


Recognized  for  millenia  as  a  major  constituent  of  plant  ash,  potash  was  the  first  inorganic  chemical 
obtained  from  plants  by  early  man  through  the  simple  technique  of  dripping  water  through  a  pot  of  ashes 
That  plants  get  potassium  salts  from  the  soil  was  shown  by  Liebig  in  1840.   While  potassium  ions  are  not 
used  m  the  construction  of  cellular  components,  they  are  essential  for  cell  division  and  elongation  and 
they  are  generally  associated  with  sugar  synthesis  and  translocation  and  with  the  production  of  starch 


In  sugarcane,  a  potassium  deficiency  reduces  growth,  causes  firing  of  older  leaves,  colors  the  upper 


jsely 
,   .  ....  types  varies 

widely  in  potassium  content  (3,  5,  11);  Texas  cane  generally  is  high  in  potassium  (B.  A.  Smith,  personal 
communication),  Louisiana  cane  is  intermediate  (3),  and  Florida  cane  is  low  (3,  4).   In  Louisiana,  cane 
grown  on  a  clay  soil  was  higher  in  potassium  than  that  grown  on  a  silt  loam  (5).   Potassium  is  generally 
added  as  a  fertilizer  component  (4,  5,  11,  12);  yield  responses  to  added  potassium  have  been  marked  in 
Florida  (4),  varied  in  Puerto  Rico  (12)  and  slight  in  Louisiana  (5). 

In  addition  to  increasing  the  yield  of  cane  per  acre,  there  is  evidence  that  potassium  used  as  a  ferti- 
lizer causes  an  increase  in  sugar  per  ton  of  cane.   Tests  in  Louisiana  (5)  occasionally  give  a  statistically 
significant  increase  in  sucrose  in  response  to  added  potassium,  and  tests  in  Puerto  Rico  (12)  show  an  in- 
crease in  sucrose  content  only  when  there  is  also  an  increase  in  the  yield  of  cane. 

The  distribution  of  potassium  in  the  sugarcane  plant  is  similar  to  that  of  plants  in  general,  with  the 
highest  concentration  in  the  youngest  tissues  (6).   The  top  of  the  cane  stalk  has  a  higher  potassium  content 
than  the  base,  and  the  leaf  roll  has  the  highest  amount.   Even  a  single  leaf  reflects  this  tendency,  with  the 
younger  leaf  base  having  more  potassium  than  the  older  tip  (10). 

Early  determinations  of  potassium  in  sugarcane  showed  that  varietal  differences  were  pronounced  (3), 
and  later  studies  (5,  12)  confirmed  this.   A  trend  toward  higher  potassium  in  newer  varieties  was  suggested 
(3)  since,  in  Louisiana,  the  noble  seedling  D74  was  higher  in  potassium  than  4  other  noble  varieties  grown 
at  the  time;  the  interspecific  hybrids  of  the  POJ  series  were  higher  still,  and  those  of  the  Co  and  CP 
series  were  higher  than  the  POJ's.   This  trend  was  especailly  noticeable  since  soil  potassium  must  have  been 
reduced  by  continuous  cropping  without  added  K+  during  the  transition  from  the  noble  varieties  to  the  modern 
interspecific  hybrids  (3). 

The  data  presented  in  this  paper  are  the  result  of  a  study  made  to  determine  the  variation  in  potassium 
in  sugarcane  as  affected  by  variety,  location  and  time  of  harvest. 
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MATERIALS  AND  METHODS 

Samples  were  taken  as  part  of  the  routine  variety  testing  program  from  machine-harvested  variety  tests 
from  locations  representative  of  the  Louisiana  sugarcane  belt.   Samples  consisted  of  15  stalks  and  were  taken 
rom  3  or  f replications  of  6  commercial  and  1  experimental  variety,  in  October  and  November  of  1976.   Crusher 
Sice  prepared  from  samples  of  cane  from  second  ratoon  tests  was  placed  in  self-sealing  plastic  bags  and  frozen 
for  later "analysis.   Crusher  juice  was  also  taken  from  samples  from  first  ratoon  cane  in  the  routine  variety 
Maturity  test  hand-harvested  at  our  farm.   These  samples  included  five  varieties  (4  numerical  and  1  experi- 
mental) and  the  cane  samples  were  harvested  every  2  weeks  from  October  3  to  November  29,  1976.   Millable 
stalks  were  separated  from  tops  and  each  was  ground  separately. 

Analyses  for  potassium  ion  concentration  were  done  on  raw,  unfiltered  juice.   Samples  were  removed  from 
the  frtezer  and  brought  to  20  C  in  a  warm-water  bath.   The  melted  juice  was  carefully  mixed  in  the  piastre  bags 
and  100  ml  aliquots  were  withdrawn  and  placed  in  a  beaker  with  2  ml  of  a  saturated  solution  of  sod  rum  chloride 
to  provide  a  extant  ionic  strength  background.   A  specific  ion  electrode  (Orion  90-01)  was  used  Jo  determine 
the  concentration  of  potassium  ions.   This  electrode  is  constructed  so  that  potassium  ions  in  solution  can 
selectively  create  an  electric  potential  in  proportion  to  their  concentration,  and  this  potential  is  measured 
by  a  pH  meter. 

The  data  were  subjected  to  statistical  analysis  by  averaging  the  replicated  data  and  using  locations  as 
replications  to  determine  the  mean  square  ratio  (F  value)  for  varieties  and  by  using  varieties  as  replications 
to  determine  the  F  value  for  locations. 


RESULTS 


;e   of   the   7  varieties   from   the  multiple   location  variety 


The  potassium   ion  concentration   in   the   crusher   juic 
trial    ranged   from  0.12912   in  CP   61-37   to   0.18472   in  L   61-67    (Table   1).      Differences   bet.eer,  varieties     vere 
„18M  "ilnifieant  and   the  difference  be„ee„   the  ^^jZ^Zr^lL%J?£^>SZ«Z~ 

there  was 

s   were 
Lation  wltn   son    type   or   geugLaiJiiy.      i-<=i.  .-a-a- -■--" ^~..  r- 

not  determined. 


Table  1.   The  potassium  ion  content  of  crusher  juice  of  seven  sugarcane  varieties  from  nine  locations  in 
Louisiana. 


(Average  of  9  locations) 

Variety  %  juice 

CP  61-37  0.1291 

L  62-96  0.1472 

CP  67-412  0.1591 

N  Co  310  0.1603 

CP  65-357  0.1673 

L  65-69  0.1735 

L  61-67  0.1847 


LSD  (0.5) 


0.0024 


(Average  of  7  varieties) 
Parish 

Assumption 

Lafourche 

Iberia  I 

St.  James  I 

St.  Mary  I 

St.  Mary  II 

Iberia  II 

St.  James  II 

Avoyelles 

LSD  (0.5) 


%  juice 

0.0728 

0.0881 

0.1017 

0.1058 

0.1367 

0.1409 

0.1531 

0.2259 

0.2639 

0.0027 


In  the  bi-weekly  stalk  samples  taken  from  October  3  to  November  29,  there  were,  as  an  average  of  all 
harvest  dates,  significant  differences  among  varieties  (data  not  shown).   However,  there  were  not,  as  an 
average  of  all  varieties,  significant  differences  among  harvest  dates  (Table  2),  even  though  the  extremes 
ranged  from  0.1528%  to  0.1914%.   The  tops,  in  contrast,  showed  significant  differences  among  harvest  dates, 
but  not  among  varieties.   A  progressive  decline  in  potassium  content  occurred  throughout  the  harvest  season. 
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Table  2.   The  potassium  ion  content  of  sugarcane  on  successive  harvest 
dates,  Houma,  La.  (average  of  5  varieties). 

Harvest  date 


1976 

Oct 

3 

Oct 

18 

Nov 

1 

Nov. 

15 

Nov. 

29 

LSD 

(0.5) 

Potassium 

%  iuice 

Stalks 

Tops 

0.1648 

0.3240 

0.1528 

0.3254 

0.1914 

0.2638 

0.1545 

0.2870 

0.1724 

0.2511 

NS 

0.0432 

DISCUSSION 

Three  factors  which  might  affect  the  potassium  content  at  harvest  were  studied:  location,  variety  and 
harvest  date.   Location  effects  were  greatest  and  variety  effects,  though  significant,  were  less.   No  effects 
were  observed  from  harvest  dates  in  stalk  samples,  although  there  was  a  decline  in  the  potassium  content  of 
samples  of  cane  tops  as  the  harvest  season  progressed. 

That  location  or  soil  effects  are  so  marked  is  not  surprising  since  sugarcane  absorbs  potassium  in  pro- 
portion to  the  amount  supplied  (8).   The  highly  significant  differences  among  varieties  (Table  1)  indicates 
genetic  control  over  the  uptake  of  potassium. 

The  economic  impact  of  these  differences  is  open  to  discussion.   Fertilizer  application  of  potassium  is 
recommended  for  Florida  and  Louisiana  for  optimum  yields.   Potassium  is  often  applied  in  Louisiana,  even  when 
no  growth  response  is  indicated,  either  for  insurance  against  a  possible  deficiency,  or  in  an  attempt  to  en- 
hance the  sucrose  content.   While  increases  of  up  to  2  percentage  points  in  sucrose  %  have  been  reported  (12), 
responses  in  Louisiana  have  been  slight,  averaging  about  0.38  percentage  points  (5).   The  profitability  of 
applying  fertilizer  potassium  for  such  marginal  sucrose  responses  would  depend  on  whether  there  is  a  concomitant 
tonnage  increase  and  whether  the  variety  response  offsets  the  cost  of  application. 

An  even  more  important  question  is  whether  or  not  the  potassium- induced  increase  in  sucrose  represents 
sucrose  available  to  the  mill.   It  is  well  established  that  inorganic  constituents  in  cane  juice  have  the  effect 
of  increasing  the  solubility  of  sucrose  (9,  p.  295),  thus  hindering  molasses  exhaustion  and  lowering  sucrose 
recovery.   The  correlation  (r  =  .81)  between  molasses  exhaustion  and  ash  percent  non-sucrose  solids  is  high 
(Thieme  in  1).   Potassium  is  the  largest  inorganic  constituent  of  sugarcane  juices,  amounting  to  30%  to  50%  of 
the  ash  (2,  3,  8,  9).   It  not  only  remains  in  the  processing  liquids,  but  also  increases  in  relation  to  the 
other  minerals  as  their  concentration  is  reduced  by  clarification  (2) . 

A  simple  demonstration  of  the  effect  of  potassium  on  crystallization  and  recovery  can  be  seen  in  Fig.  1. 
Solutions  (75%  w/w)  of  sucrose  are  placed  in  two  containers,  one  with  no  additives  and  one  with  KC1  added  to 
equal  the  average  (2)  potassium  content  of  Louisiana  blackstrap  molasses.   After  several  days  at  room  tempera- 
ture, the  saturated  solution  of  pure  sucrose  had  crystallized  but  the  solution  with  added  potassium  had  not. 


Fig.  1.   Heavy  crystallization  after  heating  150  g  sucrose  in  50  g  water  (left)  and  retarded  crystallization 
of  the  same  solution  with  15  g  KC1  added. 
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R.ther  than  increasing  the  recovery  of  sucrose,  the  use  of  potassium  fertilizer  in  marginal  cases  could 

STSlSSi-lSi^  -•  ~    «  :»a'nP»   t„  b.   <.!„.*.-  *..  —.   -   P°«S!iiu»   *    r-  juice  „„uW    redUce 

the  recovery  of  sucrose  by  one  percentage  point  in  the  final  molasses. 
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PRELIMINARY  INVESTIGATIONS  ON  THE  EFFECT  OF  HARVESTING 
SYSTEMS  ON  FIELD  LOSSES  AND  CANE  QUALITY  IN  LOUISIANA!-/ 

B.  L.  Legendre 
U.  S.  Sugarcane  Field  Laboratory- 
Science  and  Education  Administration,  USDA 
Houma,  Louisiana  70361 

ABSTRACT 

The  harvesting  performance  of  two  production  model  cane  combines  was  compared  to  that  of 
whole-stalk  cutters,  the  conventional  method  of  harvesting  cane  in  Louisiana,  at  five  locations 
during  the  1974  and  1976  harvest  seasons.   An  average  of  44%  more  cane  as  scrap  was  left  in  the 
field  behind  the  whole-stalk  harvester  system.   When  scrap  loss,  trash  content  and  cane  quality 
are  considered  together,  there  was  a  7.2%  advantage  in  standard  or  paid  tons  per  hectare  in  favor 
of  the  whole-stalk  harvester  system. 

INTRODUCTION 

Mechanical  harvesting  of  sugarcane  began  in  Louisiana  on  a  commercial  basis  about  1938  (5) 
By  1947,  approximately  50  percent  of  all  cane  was  harvested  by  the  whole-stalk  harvester  system 
In  this  system  a  whole-stalk  cutter  cuts  the  cane  at  the  ground  and  top  and  piles  it  on  heap  rows 
U).      From  three  to  six  rows  are  placed  on  each  heap.   This  machine  does  not  clean  or  strip  the  cane 
but  leaves  and  adhering  trash  are  burned  after  a  few  hours  to  one  or  more  days  on  the  heap  row. 
After  the  cane  is  burned,  it  is  loaded  into  tractor-drawn  carts  by  a  grab-type  loader.   The  cane  is 
hauled  directly  to  the  mill  in  the  tractor  wagons  or  loaded  into  trailer  trucks  for  longer  hauls 
Although  there  have  been  numerous  modifications  to  improve  the  performance,  the  basic  design  of  the 
whole-stalk  harvester  system  has  remained  virtually  unchanged.   As  an  alternative  to  the  whole-stalk 
harvester  system,  several  forms  of  combine  harvesters  have  been  developed  locally;  these  were  tried 
without  success.   These  machines  cut  standing  cane,  burnt  or  unburnt ,  then  chop,  clean,  and  load  the 
cane  into  tractor-drawn  carts  in  one  operation.   In  1974  and  1976  two  production-model  combine  har- 
vesters were  imported  from  Australia.   This  allowed  for  the  direct  comparison  of  the  two  systems  of 
harvest  under  Louisiana  conditions.   This  preliminary  paper  gives  the  results  of  five  comparisons 
of  the  two  systems  on  field  loss  and  cane  quality  in  Louisiana. 

MATERIALS  AND  METHODS 

On  five  occasions  the  performance  of  a  production-model  combine  harvester  was  compared  with  the 
performance  of  the  conventional  Louisiana  whole-stalk  harvester  system.   Table  1  shows  the  type  of 
harvest  system,  date  and  location  of  tests,  cane  variety  and  crop,  and  the  land  area  involved  in  the 
tests. 

Table  1.   Cane  variety  and  crop  year,  test  date,  test  location  and  land  area  harvested  for  the 
five  comparisons  of  the  whole-stalk  and  combine  harvester  systems. 


Test  Harvest  Cane  variety         Test  Test  Land 


®°i system1 &  crop  year2 date3 location 


area  (ha) 


WS  CP  61-37  S  11/13/74  Raceland  1.8 

C                 "  11/13/74               "  1.9 

WS  CP  61-37  S  12/06/74  Raceland  2.1 

C                 "  12/04/74               "  1.7 

ws  CP  52-68  PC  12/19/74  Franklin  0.9 

c                 "  12/17/74               "  1.0 

WS  L  65-69  S  10/24/76  Brusly  1.5 

C                 "  10/25/76                "  1.1 

WS  CP  65-357  PC  12/05/76  Convent  1.2 

__C J] 12/06/76  "  1.2 


WS  represents  whole-stalk,  C  represents  combine. 
2  PC  represents  plant  cane;  S  represents  stubble. 

For  the  whole-stalk  harvester  system  the  date  represents  the  day  of  cutting;  for  the  combine 
system  the  date  represents  date  of  harvest. 


In  each  of  the  five  comparisons  the  cane  to  be  harvested  by  the  whole-stalk  cutter  was  cut  on 
the  first  day,  burned  on  the  heap  row  the  second  day,  and  hauled  to  the  mill  on  either  the  second  or 
third  day  after  cutting.   Concurrently,  the  cane  to  be  harvested  by  the  combine  harvester  was  burned 


_/A  contribution  from  USDA,  SEA,  AR  in  cooperation  with  the  Louisiana  Agricultural  Experiment  Station. 
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while  standing  in  the  field  on  the  first  day,  then  cut  and  hauled  to  the  mill  on  the  second  day. 
For  all  rive  comparative  studies  the  test  fields  were  adjacent;  the  cane  was  of  the  same  variety 
and  age. 

Field  Losses-   Field  losses  as  scrap  were  measured  immediately  after  harvest  for  the  two  systems 
ffiSclfSSurement  from  8  to  10  plots  (5.5  m  wide  by  11.0  m  long)  -~^.f  -^ghe  d   M  - 
field   From  each  of  these  plots  all  merchantable  cane  was  placed  on  a  tarpaulin  and  weighed   ner 
chantable  cane  included  whole  stalks  and  stalk  pieces  not  harvested  during  the  normal  operation  but 
no  attempt  was  made  to  obtain  stalk  pieces  from  tops  removed  in  the  normal  topping  operation  (10). 
Cane  Quality:   Trash  content  and  normal  juice  sucrose  and  purity  were  used  as  indices  of  cane 
Suality   For  each  system  of  harvest  the  trash  content  was  measured  in  the  field.   For  the  whole 
stalk  Harvester  system,  8  to  10  samples  of  about  45  kg  each  were  placed  onto  a  tarpaulin  by  the 
grab-type  l-der  and  for  the  combine  harvester  system  a  like  number  of  samples  -*  removed  from  h 
top  of  the  tractor-drawn  cart  by  the  grab-type  loader.   Actual  weights  were  -  u  a       pieces 
load  cell  mounted  on  a  custom  loader  (2).   After  the  samples  had  been  weighed ,  ^stalks  pieces 
and  billets  were  stripped  of  all  extraneous  material  (trash)  and  ^-wexghed   All  trash  was  bagged 
and  returned  to  the  Houma  Laboratory  for  separation  into  the  components  of  tops,  leaves,  and 
Sash  content  of  each  sample  is  reported  as  the  percent  total  weight  of  trash  relative  to  the  gross 
weight  of  sample. 

Samples  for  the  measurement  of  normal  juice  sucrose  and  purity  for  the  whole-stalk  harvester 
system  consisted  of  15-stalk  samples  taken  at  random  from  each  of  8  to  10  locations  in  the  field. 
Fof  tL  comMne  harvester  system  the  equivalent  weight  in  billets  of  a  15-sta £  ^  '^^ 
matelv  14  kg)  was  taken  for  each  of  the  8  to  10  locations  m  the  field.   The  juice  analyses  tor  the 
firstytnree8comParisons  were  made  at  the  Houma  Laboratory  in  the  usual  manner:   Brix  by  hydrome ter, 
apparent  sucrose  by  polarization,  and  apparent  purity  as  the  ratio  of  apparent  sucrose  to  Brix  (8). 
Values  for  sample  mill  sucrose  and  purity  were  converted  to  the  normal  juice  equivalent  using 
factors  silled  by  those  mills  where  the  cane  was  milled.   For  the  remaining  two  comparisons,  juice 
quality  data  were  obtained  from  the  Audubon  Sugar  Institute  (unpublished  data)  . 

Total  gross  tons  of  cane  per  hectare  for  each  field  was  the  sum  of  cane  harvested  per  hectare 
plus  the  field  losses  measured  as  scrap.   Undoubtedly,  there  were  some  undetermined  losses  of  cane 
which  occurred  during  cutting  and  harvesting  by  either  system  which  are  not  accountable  in  thi   study. 
Trash  content  of  scrap  was  assumed  to  be  the  same  as  that  found  m  harvested  cane   The  conversion 
factor  Led  to  relate" the  total  gross  tons  of  cane  in  the  field  to  standard  t™^™?^?^11 
was  derived  from  the  following  formula:   C.F.  =  FNSP;  where  C.F.  =  conversion  f actor  F -  field  loss 
as  the  percent  of  total  cane  in  the  field,  N  =  net  cane  as  the  percent  of  trash-free  cane,  S  -  stan 
dard  sugarcane  quality  factor  for  percent  of  sucrose  in  normal  juice,  and  P  =  standard  sugarcane 
quality  factor  for  percent  purity  of  normal  juice. 

RESULTS  AND  DISCUSSION 

Field  Losses:   Field  losses  as  scrap  for  each  system  of  harvest  are  shown  in  Table  2   Although  con- 
siderable  variation  was  noted  in  field  losses  from  plot  to  plot  and  from  field  to  field,  it      b 
lerved  that  the  condition  of  the  cane  at  harvest  influenced  the  amount  of  scrap  left  in  the  field  by 
the  harvest  system.   The  more  lodged  the  cane,  the  more  scrap  was  left  regardless  of  the  system  of 
harvest   Clayton  et  al.   (1)   noted  similar  results  in  Florida.   In  the  final  analysis  for  the 
prSent'investigatlons,  there  was  44%  more  scrap  left  in  the  field  behind  the  whole-stalk  harvester 

i   Much  or  the  scrap  left  in  the  field  behind  the  whole-stalk  harvester  system  especially 
for  the  first  two  tests,  was  due  to  the  poor  adjustment  of  the  basal  cutting  blade  of  the  cutter 
itself!  This  resulted  in  stubble  pieces  of  10  to  30  cm  long  left  uncut   However   scrap  from  the 
whole-stalk  harvester  system  is  recoverable  at  less  cost  than  the  scrap  found  behind  the  combine 
harvester  system. 


Table  2. 


Test 
no. 


Field  loss  of  merchantable  cane  and  trash  content  of  harvested  cane  following 

harvest  by  the  whole-stalk  and  combine  harvester  system. 

Field  loss  (MT/ha)  Trash  content  (%) 

systems  of  harvest  systems  of  harvest 

Whole-Stalk combine Whole-stalk 


Combine 


25.5 

16.1 

8.0 

3.2 

3.5 


9.3 
10.6 

4.8 
4.4 
2.5 


13.4 
9.0 
3.6 
7.3 
9.3 


11.6 

7.7 

7.6 

15.3 

16.1 


Mean 


11.3 


6.3 


1.5 


11.7 


Cane  Quality:   Trash  content  as  a  reflection  of  cane  quality  is  shown  in  Table  2.   The  trash  content 
varied  considerably  between  and  within  tests;  however,  the  cane  harvested  by  the  combine  harvester 
system  had  an  average  of  27%  more  trash.   As  the  trash  content  of  cane  peases  above  10/   there  is 
associated  reduction  in  the  yield  of  recoverable  sugar  per  ton  of  cane  (6) .   Though  the  differences 
between  harvesting  systems  in  the  amount  of  trash  found  in  the  cane  were  not  significant,  the  average 
trash  content  was  greater  than  10%  in  cane  harvested  by  the  combine  harvester  system. 
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A  separation  of  the  trash  into  the  three  components  of  top,  leaves,  and  soil  showed  that  leafy 
trash  comprised  over  50%  of  the  total  trash  regardless  of  the  system  of  harvest.   For  the  remaining  two 
components  a  greater  percentage  of  tops  was  found  in  the  trash  from  the  whole-stalk  harvester  system 
and  a  greater  percentage  of  soil  was  found  in  the  trash  from  the  combine  harvester  system. 

The  trash  undoubtedly  had  an  adverse  effect  on  normal  juice  sucrose  and  purity  (Table  3) .   The 
observation  that  mechanical  harvesting  has  resulted  in  higher  trash  and  lower  juice  quality  of  cane 
in  Louisiana,  was  first  reported  in  1948  (5).   Similar  conditions  have  occured  in  Florida  as  harvesting 
has  shifted  from  manual  to  mechanical  means  (11) .   In  fact,  Zepp  and  Clayton  noted  that  a  percentage 
point  increase  in  green  trash  reduced  normal  juice  sucrose  by  0.07  percentage  points.   More  recently, 
Legendre  and  Irvine  (6)  found  that  a  mixture  of  60%  green  trash  and  40%  dry  trash  as  10%  of  the  total 
weight  of  cane  significantly  reduced  normal  juice  sucrose.   In  both  studies  there  was  a  proportional 
reduction  in  normal  juice  purity  which  was  also  evident  in  the  present  investigations.   Assuming  that 
the  above  relationships  reflect  the  true  deleterious  effects  of  trash  upon  normal  juice  sucrose  and 
purity,  the  effect  of  either  harvest  system  was  an  approximate  1.00  percentage  point  drop  in  normal 
juice  sucrose  and  an  approximate  3.00  percentage  point  drop  in  normal  juice  purity. 

Table  3.   Normal  juice  sucrose  and  purity  of  harvested  cane  for  the  whole-stalk  and 
combine  harvester  systems. 


Test 
no. 


Juice  quality  (%)  systems  of  harvest 
Whole-stalk 


Sucrose 


runty" 


Comb 

ine 

Sucrose 

Purity 

10.2 

68.7 

11.5 

76.7 

13.0 

75.6 

11.9 

81.2 

11.2 

79.8 

1 

2 
3 
4l 

5l 


12.1 
13.2 
13.3 
11.4 
11.8 


74.0 
79.7 
74.4 
79.7 
78.4 


Mean       12.4  77.2  11.6  76.4 

1  Unpublished  data,  Audubon  Sugar  Institute,  Louisiana  State  University,  Baton  Rouge,  Louisiana. 

A  possible  cause  of  the  lower  normal  juice  sucrose  and  purity  of  the  harvested  cane  from  the  combine 
system  is  the  size  of  the  billet.   Irvine  and  Legendre  (4)  reported  that  cut-chopped  billets  deteriorate 
at  a  more  rapid  rate  than  do  whole-stalks  over  time. 

There  was  little  difference  between  fields  harvested  by  either  the  whole-stalk  harvester  or  combine 
harvester  systems,  as  an  average  of  all  comparisons,  in  the  standing  crop  of  cane  per  hectare  (Table  4). 
Hodson  (3),  reporting  on  the  same  study,  noted  that  there  was  an  average  9.5  MT/ha  more  cane  harvested 
by  the  combine  harvester  system.   However,  when  considering  scrap  loss,  trash  content  of  harvested  cane, 
and  normal  juice  sucrose  and  purity  conversion  factors,  there  was  a  4.8  MT/ha  or  7.2%  advantage  in  paid 
tons  in  favor  of  the  whole-stalk  harvester  system  (Table  4) .   In  the  Rio  Grand  Valley  of  Texas  where  the 
combine  harvest  system  was  compared  with  hand-cut,  hand-topped,  grab-loaded  cane,  Rozeff  and  Tucker  (9) 
had  reported  that  there  was  no  difference  in  the  yield  of  cane  per  hectare. 

Table  4.   Conversion  of  total  cane  in  the  field  to  paid  tons  delivered  to  the  factory  for  the 
whole-stalk  and  combine  harvester  systems. 


Test 
no. 

1 
2 
3 
4 
5 


Total 

cane  in 

Field 

(MT/ha) 

Sy 

stems  ot  harvest 

Whole-stalk 

Combine 

83.4 

85.6 

97.0 

111.6 

71.9 

58.7 

67.0 

76.6 

85.3 

74.9 

Paid 

tons  de- 

1 

iverec 

(MT/ha)1 

«y 

stems 

ot  harvest 

Whole-stalk 

Combine 

49.8 

48.6 

83.2 

89.5 

67.6 

53.7 

59.8 

61.0 

71.1 

54.5 

Mean 


80.9 


81.5 


66.3 


61.5 


The  conversion  factor  used  to  relate  the  total  cane  in  the  field  to  paid  tons  delivered  to 
the  factory  considered  scrap  loss,  trash  content,  and  normal  juice  sucrose  and  purity 
conversion  factors. 

In  summary,  this  preliminary  comparison  of  the  whole-stalk  harvester  system  to  two  production-model 
combine  harvester  systems  under  Louisiana  conditions  showed  three  distinct  advantages  for  the  whole- 
stalk  harvester  system:  1)  surge  capacity,  2)  economy  of  purchase  and  maintenance,  and  3)  recoverable 
scrap.   More  tests  are  necessary  to  study  possible  differences  in  scrap  loss,  trash  content  and  the 
quality  of  the  harvested  cane  between  the  two  systems  under  the  differing  conditions  found  in  Louisiana. 
Of  special  interest  would  be  the  recovery  of  paid  tons  of  cane  per  hectare  following  sub-freezing  temper- 
atures or  extremely  lodged  cane  after  a  hurricane. 
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THE  EFFECT  OF  SMUT  ON  THE  USDA  SUGARCANE  BREEDING  PROGRAM  AT  CANAL  POINT 


J.  D.  Miller 
USDA,  SEA 
Sugarcane  Field  Station 
Canal  Point,  Florida 

The  need  to  screen  for  smut  resistance  adds  a  new  dimension  to  the  sugarcane  variety  development 
program  at  Canal  Point  and  treatens  to  reduce  its  effectiveness  unless  the  numbers  of  clones  handled 
in  the  early  selection  stages  are  increased  dramatically.   The  initial  objective  of  the  smut  tests  is 
to  screen  all  of  the  clones  in  the  breeding  program  for  resistance  to  the  particular  race  of  the  smut 
fungus  that  occurs  in  Florida.   The  smut  test  now  operated  cooperatively  by  the  United  States  Sugar 
Corporation  (USSC)  at  Clewiston  and  SEA-AR  at  Canal  Point  should  provide  information  about  the  level 
of  resistance  or  susceptibility  of  the  commercial  varieties  and  advanced  selections  of  Florida  sugar- 
cane.  The  resistant  clones  that  are  adapted  to  Florida  can  be  used  extensively  in  making  crosses  for 
seed  production  for  Florida  during  the  1979-80  crossing  season. 

The  primary  sources  of  tassels  for  the  breeding  program  are  41  clones  from  Louisiana,  27  clones 
from  Mississippi,  and  40  clones  from  Florida.   From  50  to  75%  of  their  varieties  were  susceptible  to 
smut  m  equivalent  tests  in  Hawaii  (1).   If  we  used  only  resistant  parental  clones,  we  would  reduce 
the  total  number  of  parents  that  could  be  used  in  crosses.   Instead,  for  the  1978-79  crossing  season 
crosses  in  which  both  parents  were  known  to  be  susceptible  were  eliminated.   This  means  some  crosses' 
came  from  two  smut-resistant  parents,  but  most  of  the  crosses  made  in  the  fall  of  1978  probably  had 
one  susceptible  parent. 

The  shift  of  varieties  to  obtain  smut  resistance  means  that  by  1980  about  50%  to  75%  of  the 
varieties  in  the  crossing  program  will  be  different  than  those  now  in  the  program.   These  new  varieties 
will  represent  a  challenge,  because  their  flowering  response  will  be  unknown.   This  response  will  in- 
fluence the  way  these  clones  will  be  handled  in  the  breeding  program.   They  will  be  given  a  range  of 
photoperiod  treatments  to  insure  that  desired  crosses  can  be  made;  this  is  an  example  of  a  relatively 
minor  effect  that  testing  for  smut  will  have  on  the  breeding  program. 

In  current  plans  screening  for  smut  resistance  starts  when  varieties  are  advanced  from  Stage  I  to 
Stage  II  of  our  breeding  program.   Table  I  shows  a  basic  outline  of  the  breeding  program  and  gives  a 
rough  average  of  the  numbers  of  varieties  in  each  selection  stage.   True  seed  is  planted  in  the  green- 
house in  February,  the  seedlings  are  transplanted  to  the  field  in  late  April,  and  selections  are  made  in 
October  or  November.   A  single  stalk  from  a  selected  plant  is  planted  in  Stage  I  in  a  single-row  plot  6 
feet  long.   A  year  later  selections  from  Stage  I  are  assigned  permanent  CP  numbers  denoting  the  year  and 
a  selection  number.   Ten  stalks  from  each  selection  are  cut  and  planted  in  a  Stage  II  plot  (2  rows  wide 
and  15  feet  long).   The  same  fall  that  a  clone  is  advanced  from  Stage  I  to  Stage  II,  it  is  also  planted 
in  a  separate  smut  screening  test.   Data  from  the  smut  tests  are  considered  when  plants  are  selected  to 
be  advanced  from  Stage  II  to  Stage  III.   Varieties  in  Stages  III  and  IV  are  retested  for  smut  resistance 
to  insure  that  we  have  a  true  evaluation  of  each  and  that  a  susceptible  variety  is  not  released  to  the 
industry. 


The  effect  of  smut  on  the  breeding  program  can  best  be  illustrated  by  the  data  in  Table  I   In  the 
past  five  years,  we  have  tested  between  50,000  and  60,000  seedlings  (7  to  8  acres  of  land).   With  a  50% 
loss  of  plants  due  to  smut  we  must  double  the  numbers  screened  in  all  of  the  selection  stages  before  the 
elimination  of  smut-susceptible  clones  to  maintain  the  current  selection  pressure  for  other  characters. 
Our  goal  is  to  increase  the  total  number  of  seedlings  from  60,000  to  120,000  (14  to  16  acres  of  land) 
The  8,000  to  9,000  varieties  in  Stage  I  (6  to  7  acres  of  land)  should  be  increased  to  16,000  to  18,000 
varieties  (12  to  14  acres  of  land).   The  800  to  900  varieties  (5  to  6  acres  of  land)  in  Stage  II  should 
be  increased  to  1600  to  1800  varieties  (10  to  12  acres  of  land).   The  number  of  varieties  in  Stages  III 
and  IV  can  remain  constant  at  about  105  and  8  to  12,  respectively.   Smut  reaction  can  be  determined  from 
Stage  II  through  Stage  IV. 

Table  1.   The  effect  of  smut  screening  on  the  test  size  of  the  different  stages  of  sugarcane  variety 

development  program  at  Canal  Point. 

Stage  of 


Test  Size 


program 


Numbers 


Without  smut  screening 


Acres 


Seedlings 
Stage  I 
Stage  II 
Stage  III 
Stage  IV 


50,000  to  60,000 

8,000  to  9,000 

800  to  900 

105 

8  to  12 


7  to  8 
6  to  7 
5  to  6 
1  per  loc* 
1  per  loc** 


*    There  are  4  off-station  testing  sites  for  Stage  III. 
**   There  are  8  off-station  testing  sites  for  Stage  IV. 


Numbers 


With  smut  screening 


Acres 


100,000  to  120,000 

16,000  to  18,000 

1,600  to  1,800 

105 

8  to  12 


14  to  16 
12  to  14 
10  to  12 
1  per  loc* 
1  per  loc** 
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The  smut  testing  program  is  a  cooperative  program  with  the  Florida  Sugar  Cane  League  and  SEA-AR. 
Thev  are  basing  land  from  USSC  adjacent  to  the  testing  area  cooperatively  worked  by  USSC  and  SEA-AR. 
It   of  the  smut-susceptible  varieties  should  be  eliminated  by  the  time  varieties  are  advanced  to 
Most  of  th e  ^™u^  S"^eP^btinue  t0  screen  selections  after  that  to  make  sure  that  we  do  not  have  escapes 

fL  L      It  is  essentia   to  increase  the  number  of  varieties  in  the  early  selection  stages  to 
nave  -adequate  population  size  in  the  later  stages  so  that  the  same  selection  pressure  for  desirable 
agronomic  characters  can  continue  to  be  applied. 

Of  the  four  varieties  scheduled  for  possible  release  in  the  summer  of  1979,  one  has  taken  smut 
Of  the  four  varieties  sen  £  k     how      of  these  selections  will  con- 

under  natural  ^•J^,"^^8^      ional  problem  is  determining  the  degree  of  resistance  a 
ion  «t  ZTloTeuslTTs   a  coLercial  variety.   This  may  take  time  to  determine  and  it  involves 
^correlation  of  resistance  ratings  in  inoculation  tests  with  natural  infection  in  the  field. 

Sen  S  Su  "only  b  nl    a/y    increase  t2  size  of  the  seedling  stage.   However,  these  techniques 
are  not  £rfecS;  and?  until  they  are,  the  numbers  in  these  early  stages  must  be  increased  to  absorb 
losses  to  smut. 

Recently  released  varieties  from  the  breeding  stations  around  the  world  are  being  collected  at 

evaluated  as  commercial  varieties.   n  =1  ,olJ-   '      .  '  .       .,  u1       ,   rlnr<j,  ,,1Mr  industry 
leased  to  growers.   Our  aim  is  to  make  successful  varieties  available  to  the  Florida  sugar  industry 

regardless  of  where  they  were  produced. 

Foreien  varieties  have  played  a  relatively  small  role  in  our  breeding  program,  because  many  of 

hShTitrogen  conten hey  do  not  mature  but  continue  vegetative  growth.   As  a  result  most  of  them 
produce  excellent  towage  but  have  a  very  low  sucrose  content.   Thus,  the  probability  of  finding  a 
foreign  variety  that  will  be  directly  adapted  for  use  as  a  commercial  variety  here  is  very  slim. 

■11  Ko  tKrop  main  rhanses  in  the  variety  development  program.   (1)  The  parental 
varieties"^  f  ™  ly  b  in  u^ed "ifthl  crossing  program  must  b^  changed  to  varieties  that  have 
IZ     resis  ance!  2)  the  size  of  the  breeding  program  must  be  increased  until  smut-susceptible  clones 
can  b! ^eliminated!  (3)  new  techniques  must  be  developed  to  permit  screening  for  smut  resistance  at 
earlier  stages  in  the  breeding  program. 
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GENETIC  BEHAVIOR  OF  SUCROSE  CONTENT  IN  THE  PARENTS  AND  PROGENY 

OF  EIGHT  BIPARENTAL  SUGARCANE  CROSSES-^ 

2/ 
C.  A.  Richard  and  M.  T.  Henderson— 

ABSTRACT 

The  sucrose  percentage  for  100  clones  from  each  of  eight  sugarcane  crosses  along  with  their  parents 
was  measured  several  times  during  1971  through  1974.   Significant  differences  in  sucrose  percent  were 
found  between  the  two  parents  for  six  of  the  eight  crosses.   Progeny  sucrose  values  substantiate  that 
sucrose  content  is  a  quantitative  character  as  there  were  a  large  number  of  continuously  distributed  classes 
around  the  sucrose  content  of  the  parents  of  each  cross.   However,  unlike  typical  quantitative  characters, 
the  progenies  of  the  eight  crosses  did  not  fit  a  normal  curve  and  the  modal  class  was  below  the  average 
sucrose  of  the  two  parents  of  each  cross.   An  epistatic  effect  probably  caused  genes  for  low  sucrose  to 
express  themselves  among  the  segregates  of  all  crosses.   As  an  average  of  eight  crosses,  25%  of  the  progeny 
occurred  outside  the  range  of  sucrose  of  the  parents  indicating  transgressive  segregation.   Of  this  25% 
only  2%  occurred  above  the  high  sucrose  parent.   Crosses  which  had  one  or  both  parents  with  high  sucrose 
produced  the  largest  frequencies  of  high  sucrose  clones.   The  data  indicate  that  selection  for  high  sucrose 
clones  should  begin  at  as  early  a  selection  stage  as  possible  in  order  to  decrease  the  frequency  of  low 
sucrose  clones  in  later  stages. 

INTRODUCTION 

One  of  the  major  objectives  in  a  sugarcane  breeding  program  is  high  sucrose  content.   Current  parental 
material  in  sugarcane  offers  a  wide  range  in  sucrose  content  and  resulting  progenies  are  highly  variable. 
A  study  was  conducted  to  determine  the  genetic  behavior  of  sucrose  content  and  the  relative  frequency  of 
high  sucrose  segregates  in  each  of  eight  crosses  of  the  Louisiana  breeding  program  in  which  the  parents 
differed  in  sucrose  content. 

Venkatraman  (6)  studied  the  inheritance  of  juice  quality  and  reported  in  1927  that  it  was  extremely 
variable  even  within  crosses.   He  noted  that  in  crossing  two  varieties,  the  sucrose  of  the  hybrids  was 
between  the  sucrose  levels  of  the  parents.   Hebert  and  Henderson  (3)  in  1959  found  that  the  brix  of  the 
progenies  of  different  crosses  varied  according  to  the  brix  levels  of  the  parents  used.   Antoni  (1)  re- 
ported in  196  7  that  seedlings  produced  from  two  parents  with  high  sucrose  or  from  one  parent  with  high 
sucrose  and  another  of  low  sucrose  produced  progenies  with  high  sucrose.   Also,  he  reported  that  seedlings 
from  crosses  of  two  low  sucrose  parents  produced  progenies  with  low  sucrose  content. 

Mangelsdorf  (4)  in  1959  and  Anzalone,  et  al .  (2)  in  1968  reported  on  the  possibility  of  a  physio- 
logical ceiling  for  sucrose  percentage  with  the  present  genetic  material. 

MATERIALS  AND  METHODS 

The  unselected  progenies  of  eight  biparental  crosses  were  used  in  this  study.   The  crosses  were  chosen 
on  the  basis  of  known  differences  in  sucrose  content  of  the  parental  clones.   The  parentages  of  the  eight 
crosses  are  shown  in  Table  1. 

One  hundred  clones  were  chosen  at  random  from  the  first  stubble  crop  of  single  stools  for  each  cross. 
Four  stalks  from  each  selected  single  stool  were  cut,  hand  cleaned,  bundled,  and  assigned  a  clonal  number. 
The  four  stalks  of  each  single  stool  were  used  to  establish  a  10-foot  clonal  plot  at  the  Louisiana  Agri- 
cultural Experiment  Station,  St.  Gabriel  Farm,  along  with  six  replications  of  each  of  the  parental  varieties. 
Crosses  1  through  4  were  cut  and  planted  during  the  week  of  September  28  through  October  2,  1970.   Crosses 
5  through  8  were  cut  and  planted  during  the  week  of  September  25  through  September  28,  1972. 

Samples  from  each  clonal  plot,  including  the  parental  varieties  of  crosses  1  through  4  were  collected 
once  in  the  plant  cane  crop  in  1971,  twice  in  the  first  stubble  crop  in  1972,  and  once  in  the  second  stubble 
crop  in  1973.   Samples  from  each  clonal  plot  of  crosses  5  through  8  were  collected  once  in  plant  cane  in 
1973  and  once  in  first  stubble  in  1974.   For  each  harvest,  juice  quality  determinations  were  made  from  a 
10-stalk  sample  which  was  hand  cut  from  each  clonal  plot  and  passed  in  a  sample  roller  mill  to  give  about 
60%  juice  extraction.   Pol  readings  were  obtained  from  clarified  juice  samples  and  crusher  juice  sucrose 


-  The  assistance  of  the  American  Sugar  Cane  League,  members  of  the  U.S.  Sugarcane  Field  Laboratory,  Houma, 
La.,  and  the  Louisiana  Agricultural  Experiment  Station,  Baton  Rouge,  La.,  made  this  research  possible. 
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Agronomist,  American  Sugar  Cane  League,  and  Professor  of  Agronomy,  Agronomy  Dept.,  Louisiana  Agricultural 
Experiment  Station,  respectively. 
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was  determined  from  Schmitz's  table  (5).   The  mean  sucrose  percent  of  all  harvests  for  each  clone  was  cal- 
culated as  an  average  of  all  individual  sucrose  analyses  from  each  clone. 

RESULTS  AND  DISCUSSION 

There  were  significant  differences  among  the  average  sucrose  percentages  of  the  eleven  varieties  used 
as  parents  of  the  light  crosses  (Table  1).   Some  of  the  varieties  were  known  to  be  different  in  sucrose 
consent  and  these  values  are  in  good  agreement  with  previous  data.   In  six  of  the  eight  crosses  the  two 
Parents  were  significantly  different  in  sucrose  percent.   It  is  evident  comparing  the  progeny  means  to  the 
^rental  means  fhat  the  use  of  high  sucrose  parents  resulted  in  high  sucrose  progeny  means   The  -nkxng 
of  the  average  sucrose  of  the  two  parents  for  each  of  the  eight  crosses  was  almost  identical  to  the  ranking 
of  the  average  sucrose  of  the  entire  progeny  for  each  cross. 


Table  1.   Average  sucrose  percent  for  the  parents  and  progeny  of  eight  sugarcane  crosses  from  1971  through 
1974. 


Cross  # 


Parents 


CP  52-68 
CP  48-103 

L  61-67 
CP  62-258 

CP  61-37 
L  62-96 

L  60-25 
CP  57-614 


Parental  Means 


13.29 
13.57 

16.16 
14.23 

13.24 
15.69 

14.68 
16.05 


Sucrose  Percent 


Progeny  Means 


12.90 


14.19 


13.92 


14.23 


HSD  (.05) 


.97 


CP  65-357 
CP  62-258 

L  60-25 
CP  66-346 

CP  52-68 
L  65-69 

CP  65-357 
L  65-69 


16.28 

15.03 

15.38 
14.23 

13.35 
13.90 

16.86 
14.96 


14.60 


13.92 


13. 16 


14.50 


HSD  (.05) 


.97 


The  mean  sucrose  of  the  entire  progeny  was  lower  than  the  mean  sucrose  of  the  high  sucrose  parent  in  all 
eight  crosses  and  lower  than  the  low  sucrose  parent  for  seven  of  the  eight  crosses.   Only  in  cross  3,  which 
had  the  lowest  sucrose  of  all  parents,  was  the  progeny  mean  higher  than  the  low  sucrose  parent. 

The  frequency  distribution  of  the  eight  progenies,  shown  in  Table  2,  demonstrates  the  quantitative 
nature  of  sucrose  content.   There  were  a  large  number  of  classes  and  the  segregates  were  continuously  dis- 
tributed in  them.   However,  unlike  typical  quantitative  traits,  the  progenies  of  the  eight  crosses  were 
centered  below  the  average  of  all  parents. 

The  mean  sucrose  of  the  entire  progeny  fell  below  the  sucrose  value  of  the  average  of  the  two  parents  in 
all  crosses  by  an  average  of  0.88%  sucrose.   As  seen  in  Table  2,  the  mean  sucrose  of  all  parents  fell  in 
sucrose  class  14.1  to  15.0%  There  were  74%  of  the  segregates  of  the  eight  crosses  (range  of  60  to  85%)  which 
had  a  mean  sucrose  value  below  that  of  the  average  sucrose  of  the  parents  of  the  eight  crosses.   There  were 
26%  of  the  segregates  of  the  eight  crosses  (range  of  15  to  40%)  which  had  a  mean  sucrose  value  above  that  of 
the  average  sucrose  of  the  parents. 
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Table  2.   Frequency  distribution  (%)  for  mean  sucrose  percent  of  the  parents  and  progenies  of  the  eight 


biparental  sugarcane  crosses 


%  Sucrose  class  centers 


Population  8.5    9.5    10.5    11.5    12.5    13.5    14.5    15.5    16.5  '  17.5 

Low  sucrose 
parents 

High  sucrose 

parentS  30.0  30.0    50.0  15.49 

Progenles -1     -8     2.0     5.7    15.6    25.6    26.6    16.2     6.7      .5    13.93 


40.0    50.0    10.0  14.13 


Note:   The  percentage  figures  for  parents  and  progeny  are  not  comparable.   Total  for  high  sucrose 
parents  is  110%.  6 

f   .k^V6"  °nly  18%  °f  the  Pr°Senies  of  the  eight  crosses  which  had  sucrose  levels  above  the  ranges 
^nd  7S  h-8J  tUC/T   rrent  °f  the  resPective  cross-   ^^  small  percentage  was  found  only  in  crosses  1 
and  7  which  had  the  lowest  parental  mean  sucrose  levels.   In  the  other  six  crosses  there  were  no  segre- 
gates which  had  a  sucrose  level  above  the  range  of  the  high  sucrose  parent  of  the  respective  cross. 

These  results  indicate  the  possibility  of  a  multiple  gene  effect  or  epistasis.   All  clones,  even  high 
sucrose  clones,  apparently  have  a  number  of  genes  controlling  sucrose  level.   Some  of  these  genes  are 
capable  of  producing  high  sucrose  while  others  are  not.   The  genes  which  do  not  enhance  high  sucrose  devel- 
opmen  are  often  masked  in  their  expression  of  this  trait  as  in  the  case  of  a  high  sucrose  clone    0 
when  two  clones  are  crossed,  these  genes  unfavorable  for  high  sucrose  development  are  able  to  express  them- 
selves among  the  segregates  resulting  in  a  smaller  frequency  of  high  sucrose  segregates  than  expected.  " 

The  polygenic  nature  of  the  inheritance  of  juice  quality  has  already  been  demonstrated  and  these  data 
substantiate  this  fact.   The  presence  of  genes  resulting  in  low  sucrose  in  all  clones  limits  the  achievements 
possible  in  breeding  for  higher  sucrose  material.   This  would  indicate  that  higher  sucrose  progeny  could  be 
obtained  only  with  the  aid  of  superior  parent  material  and  rigorous  selection. 

It  was  apparent  that  transgressive  segregation  occurred  among  the  progenies  of  the  crosses  studied. 
There  was  a  mean  frequency  of  25%  of  the  progenies  of  the  eight  crosses  (range  of  8  to  44%)  which  had  sucrose 
levels  above  or  below  the  range  of  sucrose  of  the  parents  of  the  crosses.   Table  2  shows  that  most  trans- 
gressive segregates  occurred  below  the  range  of  the  parents.   In  fact,  23%  occurred  below  the  range  of  the 
low  sucrose  parent  of  a  cross,  while  an  average  of  only  2%  of  the  transgressive  segregates  occurred  above  the 
range  of  the  high  sucrose  parent.   This  small  percentage  of  high  sucrose  transgressive  segregates  was  found 
only  in  crosses  1  and  7  which  had  the  lowest  sucrose  parents  and  the  lowest  sucrose  progeny. 


true. 


Estimates  of  the  repeatability  of  sucrose  on  a  clonal  plot  basis  were  obtained  from  correlation  coef- 
ficients between  the  sucrose  percent  of  the  segregates  of  the  eight  progenies  in  each  harvest  and  the  average 
sucrose  percent  of  all  harvests.   The  average  correlation  coefficient  for  the  eight  crosses  was  .85**  and 
suggests  that  the  repeatability  of  sucrose  on  a  clonal  plot  basis  is  moderately  high.   This  indicates  that 
selection  for  high  sucrose  clones  in  any  one  year  would  be  at  least  moderately  effective  in  obtaining  clones 
high  in  sucrose  as  an  average  of  several  years. 

SUMMARY 

Louisiana  sugarcane  breeding  programs  rely  on  recurrent  selection  for  continuous  improvement  in  all 
traits,  including  sucrose  content.   The  data  have  suggested  that  a  multiple  gene  effect  and  transgressive 
segregation  caused  a  large  frequency  of  the  progenies  to  be  in  a  range  of  sucrose  which  is  undesirable. 

Because  of  the  low  percentage  of  really  superior  high  sucrose  clones,  it  is  evident  that  only  a  small 
amount  of  improvement  in  sucrose  percent  over  the  level  of  the  high  sucrose  parent  can  be  expected  in  the 
progeny  of  a  cross  involving  high  or  very  high  sucrose  parents. 

Many  of  the  desired  traits  in  sugarcane  breeding,  such  as  high  sucrose,  are  quantitative  in  nature  and 
are  controlled  by  a  polygene  system  utilizing  complex  physiological  processes.   Therefore,  in  simultaneous 
selection  for  these  quantitative  traits,  there  would  be  a  rather  small  frequency  of  superior  clones.   This 
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indicates  the  need  for  large  seedling  populations  in  the  breeding  program  as  well  as  early  screening  for 
sucrose  content  to  cull  low  sucrose  segregates  and  increase  the  frequency  of  high  sucrose  segregates  xn 


later  stages. 
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ABSTRACT 

i   uFi±1!!rI?f1e88  ^  fr°m  the  su8arcane  ^ctory  and  stillage  or  distillery  slops  from  the  sugarcane 
alcohol  distillery  have  potential  uses  as  sugarcane  fertilizers,  and  should  not  be  regarded  merely  as 
waste  products.   Filter-press  cake,  a  dark-brown  organic  material,  contains,  on  a  dry-weight  basis,  about 
40% organic  matter,   .2%  N  2.8%  P  0       0.4%  K20,  and  3.1%  CaO,  as  well  as  Mg,  Mn,  Fe'and  B.   It  has  proven 
to  be  of  value  as  a  fertilizer,  especially  asZrelated  to  P  availability.   In  Brazil,  it  is  applied  below 
the  seed  for  the  plant  crop  at  rates  from  2  to  4  tons  per  acre  on  sandy  soils  with  low  cation-exchange 
capacity.  B 

Stillage,  a  brown  liquid,  contains  per  1,000  gallons  10  pounds  N,  1  pound  P  n  ,  65  pounds  K  0 
30  pounds  CaO,  8  pounds  MgO,  53  pounds  SO  and  530  pounds  of  organic  matter  if  derived  from  molalses. 
When  the  cane  juice  is  used  for  distillation,  the  stillage  is  much  more  dilute,  with  the  Ko0  dropping  to 
10  pounds  per  1,000  gallons.   The  stillage  is  applied  directly  to  the  soil  by  means  of  tan!  truck  or  diluted 
in  irrigation  water. 

The  economics  of  handling  these  bulky  materials  for  fertilizer  usage  has  been  a  limiting  factor  in  the 
past.   At  present,  machines  have  been  designed  in  Brazil  to  apply  these  materials  efficiently  and  economi- 
cally to  the  cane  field,  thus  avoiding  disposal  problems  in  relation  to  environmental  contamination.   The 
use  of  the  filter-press  cake  and  stillage  as  fertilizer  materials  have  allowed  sugarcane  farmers  to  reduce 
their  purchase  of  chemical  fertilizers  to  a  minimum,  except  for  supplementary  N.   The  proper  use  of  these 
materials  related  to  soils,  plant  or  ratoon  crop,  time  of  application,  maturity  and  ash  in  juice  are  discuss*! 

INTRODUCTION 

The  sugarcane  factory  and  distillery  in  its  task  of  producing  sugar,  molasses,  and  alcohol,  also  pro- 
duce residual  waste  materials.   The  factory  residues  are  primarily  bagasse  and  filter-press  cake;  the  dis- 
tillery waste  is  stillage  (also  called  slops  or  vinasse) .   The  bagasse  is  burned  as  a  fuel  to  provide  energy 
for  the  factory  or  distillery.   The  filter-press  cake  and  stillage  are  usually  regarded  as  waste  materials? 
often  times  requiring  both  effort  and  expense  to  dispose  of  in  compliance  with  laws  governing  environmental 
protection   Yet,  these  residues  contain  plant  nutrients  (N,  P,  K,  Ca,  Mg)  in  sufficient  quantities  to  be 
considered  for  use  as  fertilizers. 

It  is  the  purpose  of  this  paper  to  summarize  the  experiments  and  commercial  practices  that  are  being 
presently  to  convert  these  residues  into  fertilizers  for  sugarcane. 


used 


igai 
PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  RESIDUES 


Filter-press  cake 


Filter-press  cake  consists  principally  of  a  mixture  of  sugarcane  fibers,  sucrose,  coagulated  colloids 
including  cane  wax,  albuminoids,  and  phosphates  of  lime,  plus  soil.   Most  of  the  constituents  come  from  the 
ground-up  sugarcane.   The  lime  is  added  in  the  process  of  neutralizing  and  clarifying  the  cane  juice,  and  the 
soil  enters  as  foreign  matter  clinging  to  the  cane. 

Physically,  filter-press  cake  is  a  soft,  spongy,  lightweight  amorphous  dark-brown  to  black  organic 
material.   It  can  readily  absorb  large  quantities  of  moisture  when  dry.   It  generally  contains  from  55  to  75% 
moisture  on  a  wet  basis  when  taken  fresh  from  the  rotary  filters.   Its  volume-weight  is  low,  being  0.375  on  a 
dry-weight  basis  and  about  0.57  at  65%  moisture.   In  normal  factory  procedure  1,000  tons  of  ground  cane  will 
produce  about  ten  tons  of  filter-press  cake. 

Filter-press  cake  varies  somewhat  in  chemical  composition,  depending  upon  such  factors  as  cane  variety, 
the  area  where  the  cane  is  grown,  the  climate  and  mill  performance.   The  range  and  mean  values  for  the  various 
chemical  constituents  of  filter-press  cake  are  given  in  Table  1.   These  values  represent  many  samples  taken 
from  sugarcane  mills  from  all  of  the  cane-growing  areas  of  Puerto  Rico.   Filter-press  cake  samples  from 
Piracies,  Brazil  averaged  in  %  dry  weight  1.12  N,  2.77  P  0   0.34  K  0,  5.20  CaO  and  0.92  MgO. 
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nitrate   torms.      noweve    ,  nitrate   formation   occurs   about   5  months   after    it    is 

decomposes        Ramirez    (5)      showed J*at  the  g*  °*  combinations   such   as  phospholipids 

applied   to   the   soil.      The  P   is  present    in     he  *„  whlch   are   formed   when   lime    is   added    in   the 

llLTslTTrTAcJZ:  ?Z  ZlnZ  P  present    ll   filter-press   cake    is    less   subject    to    fixation   than   m- 
organic   sources   supplying   considerable   available  P   for  plant   use. 

The  K  content   of    filter-press   cake    is  very   low,    less    than  0.5%  ^0.      The   small   quantity   of   K   present 
is   in   a  soluble,    easily-leached    form. 

Stillage 

Stillage  is  a  brown  liquid  remaining  from  the  distillation  of  the  alcohol  from  sugarcane  molasses  or 
SI   Tt  is  relatively  rich  in  organic  matter  which  consists  mostly  of  colloidal  proteinaceous 
matLfal'trom  the  yeast  al^if the  fermentation  operation  as  well  as  colloids  from  the  cane  JUice  itself. 

•<-.:     r    <-v^  -Hl1aoP  varies  according  to  its  source:  molasses  or  cane  juice 
rTablf  2)ChemrnCe  stiUage  eriv   £.' ^Sll^fSS.Son  has  about  six  times  a  greater  concentra- 
tion of  n^trfent  elements  than  that  derived  from  a  cane  juice  fermentation  with  the  exception  of  phosphates 
which  show  little  variation  (Table  2). 


producing  6  000  gallons  of  molasses  will  give  41.UUU  gallons  or  stnidge.      *.■,-,' 
using  a  direct  juice  fermentation  for  alcohol  will  produce  289,000  gallons  of  stillage. 

FERTILIZER  USAGE 
Filter-press  cake 

F11«r-p«ss  c--  has  been  =£^V.f^^'S^S^5il^^5?"-U,iiS>* 

of  applying  the  bulky  material. 

Rising  prices  of  commercial  fertilizers  and  legal  demands  for  proper  disposal  of  filter-press  cake 
without  contamination  o^the  environment  have  given  new  impetus  to  the  use  of  this  material  as  a  fertilizer 
source. 

before  Planting  the  seed.   Other  models  consist  of  large  trucks  carrying  up  to  8  tons  per  load  also  de- 

^lant  cane  Acreage  for  that  year.   Responses  to  filter-press  cake  surface  application  in  the  ratoon  crop  is 
much  less  than  for  the  plant  cane  placing  the  material  below  the  cane  seed. 

Stillage 

The  use   of   stillage   as   a   fertilizer   source   is   relatively   new  with   the  majority   of    the  work  being  done 
in   thf past   four  years   in  Brazil.      This  was  necessitated   by   the   large   surplus   of    this    residue    from  their 
gasohol^rogra.  whiS  could   not   be   dumped    into   rivers   or   the   ocean   due   tc .its   -jronmenta      contam  on 

At   present,    stillage    is   applied  by  tank   trucks   and    irrigation  when  used   as   a   fertilizer.      It  applied 

the   field   to   the  ratoon  crop   after   it    is   cut   and  before    it   resumes   growth   again. 

There   are   two  methods   of   truck  application   of   stillage    in   the   field:       1)   Direct   application  by   tank 
truck       which  go  fZ   the   stillage   source   to   the   field,    equipped  with   spray   systems   operated   by  gravity 
pumpt or  compressor,    or   2)    tank  trucks   delivering   stillage   to   the   field  where    it    is  P™Ped^«pld ly    into   a 
tractor-hauled    tank   trailer   for    infield   application    (9).      A  pump   or   compressed   air   operated    tank  truck 

ove rs   up    to    10  rows   of   cane  per  pass.      The   infield   tank-truck   trailer  has   an  application  width   of   33  feet 
and   distributes   about  A, 000  gallons   in  4  minutes    (2).      Due   to    the   corrosive   nature   of   the   stillage, 
tanks   are  made  of   carbon  steel   or  preferably   stainless    steel    or   fiberglass. 
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Table  L The  chemical  composition  and  physical  properties  of  filter-press  cake,  Puerto  Rico  1952-55 

Constitutent  Number  of  Samples  Composition  on  a  %  dry-weight  basis  ' 

5 — t, Average Range 

N  A3  2.19 1.07  -  3.13 

P2°5  43  2.77  1.34  _  6.30 

K2°  41  .44  .02  -  1.77 

3.05  .98  -  6.24 


CaO  42 

MgO  2 


•49  .42  -   .58 


10  -   .24 


Mn02  6  .17 

Fe2°3  6  1-05  .26  -  4.71 

B2°3  4  -01  .00  -  .02 


Organic  matter                       1  39  5 

Sucrose                             4  -, 

Moisture                           18  61 

Volume-Weight  —  2  375 

it     ;                                   ■  ■ — : 

-  cc/g 

Table  2.   The  chemical  composition,  %  wet  basis,  of  sugarcane  stillage  — 

Stillage  drived  from  the  fermentation  of- 


2-4 
56  -  69 
.372  -  .378 


Constitutent 


P2°5 

K20 

CaO 

MgO 

SO. 

4 

C 

Oi 

ganic  matter 

PH 

Molasses 

.118 

.015 

.783 

.364 

.099 

640 

1 

92 

6 

34 

4 

8 

Cane  juice 


—  Derived  from  (9) 


.028 
.013 
.122 
.069 
.021 
.062 
.059 

1.95 

4.6 


Table  3.   Acres  per  hour  of  stillage  applied  by  various  application  systems  as  related  to  distance 
from  distillery  and  source  of  stillage—  . 


Area  applied  in  acres/hr  for 
Stlllage               Gal. /acre             Application              delivery  distance  in  miles 
source applied system^-' 5         fo        15 


Molasses  3,600  1  or  2  .70       .38       .27 

3  4.00      2.25      1.50 

Cane  juice  16,000  1  0r  2  .16       .09       .06 

3  1.00       .52       .35 

Mixture  of 

molasses  and  6,400  1  or  2  .40       .22        01 

cane  juice    3 2.32  l.*30 .'90 

—  Derived    from  data   in    (9) . 

2/ 

-  1-  tank  truck  (3,100  gal.  capacity)  from  distillery  into  field  using  gravity  flow  or  pump  operation 

of  sprayer. 

2=  tank  truck  as  in  system  1  with  pressurized  operation  of  tank. 

3=  tank  truck  (4,000  gal.  capacity)  from  distillery  to  edge  of  field  transferring  to  tractor  drawn 
infield  pump-operated  sprayer  (4,000  gal.  capacity). 
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The  acres  per  hour  covered  by  the  various  distributors  depend  on  the  type  of  stlllage  used   distance 
from  Se  distillery  or  stillage  source  and  type  of  applicator.   A  general  idea  of  the  acres  per  hour 
covered  by  various  stillage  applicator  equipment  used  in  Brazil  is  given  in  Table  3. 

The  economics  of  the  field  application  of  stillage  by  tank  truck  is  governed  by  many  variables  with 
the  mo^t  important  being  the  source  of  stillage  and  distance  from  the  ^^"^^J*"^ 
studies  made  by  Copersucar  (9)  in  Brazil  showed  that  beyond  a  6-mile  radius  of  distillery  to  field,  tank 
truck  application  of  stillage  derived  from  cane  juice  was  not  economical  because  of  its  high  dilution  and 
mineral  fertilizer  usage  was  advisable.   Brieger  (2)  cites  an  approximate  cost  of  $13  per  acre  for  applying 
3  7?S  a      of  molasses-derived  stillage  with  an  average  hauling  distance  of  6  miles  from  distillery  to 
le  d.  Inis  operation  was  for  a  Brazilian  mill-distillery  complex  producing  daily  2   400  gallons  of  alcohol 
n'L  000  eallons  of  stillage  and  applying  the  stillage  to  19,000  acres  of  ratoon  fields  m  180  days  of 
operation   ^increase  of  iS  in  tonfcLe^er  acre  was  attributed  to  the  stillage  application  as  compared 
to  the  use  of  no  commercial  fertilizer  giving  a  profit  of  $250  per  acre. 

Stillage  distribution  in  Brazil  by  means  of  irrigation  is  limited,  mostly  because  the  majority  of  the 
cane  is  grown  without  irrigation.   Some  furrow  and  overhead  irrigation  is  practiced  for  seed-cane  plantations 
and  commercial  fields  usuaUy  within  a  3  mile  radius  of  the  distillery.   Economic  studles  (9)  showed  that 
with  cane  juice-derived  stillage,  furrow  irrigation  up  to  a  6  mile  distance  was  more  economical  than  tank- 
truck  application  of  the  same  stillage. 

The  stillage  used  for  irrigation  can  be  applied  directly,  especially  if  derived  from  the  cane  juice. 
However!  dilution  of  the  stillage  is  prefered,  because  the  minimum  amount  of  liquid  needed  to  do  an  adequate 
job  of  irrigation  would  often  mean  elevated  rates  of  K  application  if  undiluted  stillage  is  used   The  di- 
lution is  up  to  1:10  for  molasses-derived  stillage,  mixing  it,  often  times,  with  mill  waste  water.   where 
pipes  are  employed  to  handle  stillage,  either  in  moving  it  from  the  distillery  to  a  pond  or  holding  tank  or 
ror  irrigation,  they  must  be  made  of  materials  able  to  resist  the  corrosive  action  of  the  undiluted  stillage. 
Plastics,  fiberglass,  and  coated  pipes  are  normally  used. 

DISCUSSION 

Filter-press  cake  and  stillage  can  be  used  as  fertilizer  sources  for  sugarcane.   The  low  concentration 
of  major  fertilizer  elements  (N,P,K)  makes  it  necessary  to  carefully  consider  the  economics  of  transportation 
and  application  despite  the  fact  that  they  cost  nothing  for  their  nutrient  content.   When  proper  considera- 
tion is  given  to  the  costs  involved  in  disposal  of  the  residual  materials  to  avoid  contamination  of  the  en- 
vironment, the  economics  of  using  these  residual  wastes  as  fertilizer  sources  becomes  more  favorable. 

The  merits  of  filter-press  cake  as  a  fertilizer  goes  beyond  its  actual  N,P,K  content   Being  mostly 
organic  it  provides  both  increased  moisture  holding  and  cation-exchange  capacity  (CEC)    In  the  predominantly 
light  textured,  low  CEC  cane  soils  of  Brazil,  the  beneficial  results  of  filter-press  cake  usage  in  increasing 
cane  tonnage  appears  to  be  more  than  can  be  accounted  for  by  mere  fertilizer  units  present.   Experiments  (1) 
have  Sown  increases  in  yields  even  when  filter-press  cake  is  used  with  N,P,K,  fertilizers.   In  Puerto  Rican 
soils  55  high  CEC  and  no  problems  of  moisture  availability,  the  author  obtained  limited  responses  of  in- 
creased cane  tonnage  to  filter-press  cake  application  up  to  10  tons  per  acre.   However,  in  an  acid,  low  CEC 
Ultisol,  tons  of  cane  per  acre  was  increased  by  12%  (7). 

Filter-press  cake  is  not  a  balanced  fertilizer  being  low  in  K.   To  improve  its  nutrient  balance  and 
reduce  transportation  costs,  compost  mixtures  of  filter-press  cake  and  stillage  are  being  evaluated  in  Brazil. 
Bittenco^t  ^   at  the  Copersucar  Technical  Center,  Piracicaba,  Brazil,  is  adding  stillage  and  also  natural 
or  hermophosphates  to  filter-press  cake  to  increase  its  mineral  content   The  mixture  is  composted   or  60 
to  80  days  to  complete  fermentation  of  the  organic  materials  and  reduce  its  moisture  content.   Representative 
analyses  of  the  various  compost  mixtures  are  given  in  Table  4. 

Stillage  as  a  fertilizer  material  has  limits  as  to  the  amount  that  can  be  applied  per  acre  without 
producing  detrimental  effects  in  sugarcane  production.   Very  high  rates  of  stillage  application,  usually 
over  6  500  gallons  per  acre,  can  increase  the  ash  in  juice  to  levels  which  can  cause  problems  m  sugar 
crystallization  and  quality.   Mill  analyses  in  Brazil  indicate  increases  in  starch  m  the  cane  juice,  but 
lower  cane  fiber  content  with  large  applications  of  stillage.   This  may  be  due  in  part  to  greater  vegetative 
growth  which  delays  the  cane's  normal  maturity.   In  some  cases,  ripeners  have  been  used  to  counteract  this 
retarding  of  maturity. 


—  Personal  communication 
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The  amounts  of  stillage  to  apply  without  causing  problems  in  the  ash  in  juice  and  delay  in  cane 
matunty  is  closely  related  to  varieties  and  soils.   Varieties  show  a  differential  response  in  accumulation 
of  K  and  resulting  high  level  of  ash  in  juice  (8)  .   The  lighter  the  soil  texture,  lower  the  CEC  C™atl°n 
greater  the  internal  drainage,  the  less  chance  for  detrimental  accumulation  of  bases  in  the  soil  due  to 
stillage  application. 

M,    "St"la8e  ^   fPplled Lat  rates  equivalent  to  the  K  needs  of  the  cane  crop  and  the  available  K  in 
the  soil,  there  should  not  be  any  high  levels  of  ash  in  the  juice  or  serious  delay  in  cane  maturity.   For 
the  majority  of  Brazilian  soils  in  the  State  of  Sao  Paulo,  the  use  of  3,000  to  5,000  gallons  per  acre  of 
molasses-derived  stillage  is  adequate.   Unfortunately,  the  problem  with  stillaee  u.saee  i»   th„   i„,M  „,.„„_ 


tities  that  mu 


ed  stillage  is  adequate.   Unfortunately,  the  problem  with  stillage  usage  is  the  large  quan- 
-..->  ™st  be  disposed  of  daily  when  the  distilleries  are  making  alcohol  for  gasohol    In  the  lieht 
texture  and  low  CEC  soils  in  Brazil,  large  applications  do  no  apparent  harm  to  soil'f ertility      p 
dumping  of  up  to  100,000  gallons  per  acre  in  a  15  year  period  on  a  red-yellow  sandy  podzolic  soil   Jhe 
field  was  in  cane  production  after  a  two  year  fallow.   But  soils  with  a  high  CEC  and  illitic  or 
montmorillinitic  clays  can  suffer  imbalances  due  to  high  applications  of  stillage.   Thus  care  will  have  to 
be  used  in  stillage  application  for  sugarcane  in  the  organic  soils  of  Florida,  the  poorly  drained  soils  of 
llTZTT,\  techMVy  ^tured  soils  of  Texas.   Experiments  are  needed  in  the  sugarcane  areas  of  the 

United  States  and  Puerto  Rico  to  determine  the  maximum,  as  well  as  the  economic  rates  of  stillage  applica- 

tion    for    vanniic    smlc  &       ^ffj-^y-a 


Research  efforts  in  Brazil  have  been  directed  to  the  concentration  of  stillage  in  order  to  lower  its 
transportation  costs  to  the  field.   The  research  work  (9)  can  be  classified  into  two  groups:  distillery 
and  using  evaporation  with  external  heat  sources.   The  distillery  could  achieve  concentration  of  the  stillage 
by  increasing  the  amount  of  alcohol  in  the  fermentation  mass  before  distillation,  elimination  of  the  dilution 
of  stillage  by  condensed  steam,  and  recirculation  of  stillage  in  the  dilution  of  the  molasses  or  pasturized 

coventrate  ^tillage  Zt  ^^   *""  ^  diStiUery  °*  ^  "^  *  ""*  **   "«P°»to*  to 

prnnnA"  sugarcane  growers  intensify  their  efforts  to  save  energy,  they  must  give  serious  consideration  to  the 
economic  feasibility  of  using  filter-press  cake  and  stillage  as  fertilizer  sources  rather  than  as  waste 
materials.   These  residues  provide  needed  sources  of  N,  P,  K,  Ca,  Mg. 


Table  4.   Nutrient  content,  *  dry  weight  of  composted^mixtures  of  filter-press  cake  with  stillage 


and  rock  phosphat 


2/ 


Composted  mixtures  of  filter-press  cake  with- 

4/ 


Nutrients  No  addition  Stillage^-7  Stillage  + 


rock  phosphate 


2.21 
P205(total)  1.71  lQ9 

P20,- (soluble  in  citric  acid)        1.52  2.10 

K2° 


CaO 
MgO 
Moisture 


1 

.12 

1 

.71 

1 

52 

.34 

5 

20 

92 

56. 

6 

7.08 
.71 
71.5 


1 

.22 

8 

.18 

5 

90 

1 

92 

14 

45 

85 

56. 

0 

Composted  for  80  days  except  for  filter-press  cake  i  stillage  which  was  sampled  at  30  days. 

2/ 

-  Data  derived  from  unpublished  data  of  V.  C.  de  Bittencourt,  Coordinator  of  Soils  and  Fertilizers, 
CTAG,  Copersucar  Technical  Center,  Piraclcaba,  Brazil. 

3/ 

-  A  mixture  of  approximately  1  gal.  stillage  with  11  lbs.  of  filter-press  cake  (68%  H  0). 

4/  2 

-  Same  mixture  as  3/   plus  0.5  lbs.  of  natural  rock  phosphate. 
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THE  POTENTIAL  OF  LIQUID  CHROMATOGRAPHY  FOR  THE  ANALYSIS  OF  SUGARCANE 

J.  Wong-Chong  and  F.  A.  Martin  1/ 
Louisiana  Agricultural  Experiment  Station 

INTRODUCTION 

Polarimetric  analysis  is  the  technique  traditionally  employed  to  determine  the  sucrose  content  of 
juice  samples  for  the  sugarcane  industry.   Although  this  technique  is  adequate  under  ideal  conditions 
a  e  preset  n^lnlT^T™   ^l   ClrCUmStanCes  wh"e  optically-active  substances  other  Z    L 

,    SMt  (?  •   "nd^r  SUCh  circumstances  more  accurate  methods  of  sucrose-analysis  include  enzymatic 
methods,  gas-liquid  chromatography  with  prior  derivatization,  paper  chromatography  and  liquid  chromato- 

fh^ey;ech0WeVer'HC0nS,idratirS,Of  C°St'  tlme  °f  analySls  ^   samPle  and  «,!  complexities  involved  n 
these  techniques  have  deferred  the  acceptance  of  these  methods  by  sugarcane  industries.     lnV01Vecl  ln 

raDidRanaw\?rof°PmentS  -V^  "^V*  PreSSUrized  li(3uid  chromatography  (HPLC)  have  made  possible  the 
rapid  analysis  of  sugar  mixtures  with  minimum  sample  preparation  (3).   The  possibility  of  getting  accurate 
estimates  of  sucrose,  reducing  sugars,  and  deterioration  products  in  one  analysis  arouses  ones  interest 
As  a  minimum,  such  technology  would  prove  to  be  extremely  useful  for  physiological  research    The  objective 
cfne  Lc'arSes?"  '  tbeMfore'  WaS  t0  ^lore  the  Possibility  of  using  HPLC  for  the  analysis  of  sugar! 

THE  BASICS  OF  CHROMATOGRAPHIC  ANALYSIS 

"Chromatography  is  a  method  of  analysis  in  which  the  flow  of  a  solvent  or  gas  promotes  the  separation 
of  substances  by  differential  migration  from  a  narrow  initial  zone  in  a  porous  sorptive  medium"  (1)   There 
is  a  mobile  phase  in  which  the  components  of  interest  are  carried  and  a  stationary  phase  with  wh  ch*thf 

This°mob  le0!-111^"8'  ****"?•      As  the  name  imPlies'  in  ^"id  chromatography  the^obile  phase  ±s   a  liquid 
This  mobile  liquid  can  range  from  polar  to  non-polar  depending  upon  the  separation  to  be  accomplished. 

In  earlier  liquid  column  chromatography  the  mobile  liquid  was  carried  through  a  vertical  glass  column 
by  the  force  of  gravity.   This  resulted  in  a  long,  tedious  process,  often  requiring  days.   The  resolution 
was  often  incomplete  and  the  technique  was  not  considered  for  routine  analysis.   As  new  stationary  p^ses 
recent  T'  T "^  *"  "^J  C°1Umn  ch— ^ography  intensified.   These  new  stationary  phases  along  vitl 
recent  developments  m  pressurized  instrumentation  have  reduced  the  time  of  separation  to  minutes! 

erttiLtytitCal   C^romatog"Phic  analysis  can  be  divided  into  three  steps.   Sample  Preparation  involves 
nend T  ^.^P16  ready  f°r  introduction  into  the  chromatographic  system  .-^ay  involve  removing  sus- 
pended particulate  matter,  adjusting  some  parameter  of  the  original  solvent,  or  partitioning  the  constituent' 
of  interest  into  a  more  compatible  solvent.  B     constituent. 

The  actual  Chromatographic  Separation  is  the  second  step  of  the  analysis.   In  this  step  the  components 
of  interest  are  spacially  separated  based  on  their  absorption,  partition,  ion  exchange  and  molecular  e" 
elusion  interactions  with  the  stationary  phase  in  the  column.   Finally,  after  separation  in  the  column  the 
o    sc8reteC flTr^  i?*l  T"   %   ^^   The  *™^   «»  range  from  specific  chemical  analysis 

r       V        /    ?d  t0  dlrSCt  monitorin8  °f  ^e  eluting  stream.   Such  monitoring  is  usually 
accomplished  by  use  of  monochromatic  absorption  (usually  in  the  ultraviolet  spectrum)  or  by  refractive  index. 

iniection  to'Ttf:-   r^.r"3"1'  ldentlf ication  is  accomplished  by  comparing  retention  times  (time  from 
injection  to  detection)  of  the  components  to  those  of  known  standards.   Quantitation  is  accomplished  by 
comparing  the  magnitude  of  detector  response  to  a  calibration  curve  from  the  known  standards.   " 


PRESSURIZED  LIQUID  CHROMATOGRAPHY  SYSTEM 


The  components  of  a  HPLC  system  are  diagrammed  in  the  flow-schematic  of  Figure  1.   The  carrier  solvent 

ItlZ^  ^  a  r!S erV°ir  ^r°U8h  3  S3mple  inJect±n8  device-   T^s  device  may  range  from  a  fixed  volume 

sample  loop  through  a  variable  volume  injector.   Also  the  injecting  devices  range  from  manually  operated 
through  automatic  injectors  controlled  by  microprocessors. 

The  solvent  then  flows  through  a  high  pressure  rated  stainless  steel  column  packed  with  an  appropriate 
stationary  phase.   It  is  in  the  column  that  the  spatial  separation  of  solutes  occurs.   As  the  flow  goes 
through  the  detector,  an  electronic  output  proportional  to  the  amount  of  solute  is  monitored  by  a  recording 
or  integrating  device.   The  effluent  from  the  detector  can  either  be  collected  or  allowed  to  go  to  waste. 


1/  Graduate  Research  Assistant  and  Associate  Professor  respectively  in  the  Department  of  Plant  Pathology 
and  Crop  Physiology.  bJ 
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The  equipment  used  in  the  original  phase  of  this  study  consisted  of: 
Waters  Associate  Liquid  Chromatograph  equipped  with: 

a.  Solvent  delivery  system 

b.  Differential  ref Tactometer 

c.  Syringe  injection 

d.  Solvent  programmer 
Sargent-Welch  Recorder 

Hewlett-Packard  Reporting  Graphic  Integrator 
Constant  temperature  circulating  water  bath 


The  modes  of  separation  and  stationary  phases  tested  included: 

1.  Gel  permeation 

2.  Liquid-solid  absorption 

3.  Ion-exchange  resin 

The  preparation  of  each  column  used  is  described  by  Wong-Chong  (3).   To  prepare  sugarcane  juice 
sampled  for  injection,  celite  was  added  to  the  juice  sample  and  centrifuged  at  10,000  x  G  f or  10  minutes. 
The  clear  supernatant  was  made  to  1:10  v/v  dilution.   Syrups  and  molasses  samples  were  diluted  before 
centrifugation.   A  fixed  volume  of  20  ul  of  each  sample  was  injected. 

Criteria  of  Performance: 

Given  low  flow  rates  several  modes  of  separation  can  fractionate  the  constituents  of  sugarcane  juice. 
At  the  onset  of  this  study  it  was  decided  that  the  minimum  criteria  of  acceptable  performance  would  be  to 
separate  a  clean  sucrose  peak  in  a  total  run  time  of  10  minutes  of  less. 

RESULTS 

It  has  been  reported  that  gel  permeation  resins  give  separation  in  the  order  of  90  minutes  (3) 
However,  none  of  the  gel  permeation  resins  tested  were  able  to  separate  sucrose  from  reducing  sugars  in 
less  than  10  minutes  (3). 

Using  acetonitrile:water  in  the  ratio  of  80:20  as  the  eluting  solvent  through  a  Waters  uBondapak- 
Carbohydrate  column  at  the  rate  of  2.0  ml/min,  a  mixture  of  fructose, -  glucose  and  sucrose  was  separated 
in  less  than  10  minutes  (3).   However,  the  elution  of  the  trisaccharide  raffinose  took  21  minutes  with 
this  system!   Increasing  the  flow  rate  and  increasing  the  polarity  of  the  acetonitnle:water  mixture 
both  decked  the  run  time  at  the  expense  of  the  fructose-glucose  resolution  (3  .   By  increasing  the 
flow  rate  during  a  run  through  the  use  of  a  solvent  programmer,  the  separation  of  glucose,  fructose 
sucrose  and  raflinose  was  achieved  within  10  minutes  (3).   Although  separation  of  a  clean  sucrose  peak 
could  be  achieved  with  the  pBondapak  system,  higher  molecular  weight  compounds  eluted  at  slower  rates 
This  consideration  would  make  it  difficult  to  know  when  the  last  peak  of  a  sample  has  eluted  and  render 
this  system  unsuitable  for  most  routine  laboratory  analyses. 

Of  the  stationary  phases  tested,  the  ion  exchange  resins  show  greatest  potential  for  routine  labor- 
atory analysis.   Maximum  speed  of  separation  and  maximum  resolution  were  attained  with  Aminex  Q150S  resin 
converted  to  the  K+form.   A  3/8  in.  OD  x  24  in.  column  kept  at  a  constant  temperature  of  60  C  was 
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utilized.   The  eluting  solvent  was  degassed,  deionized-distilled  water.   Figure  2A  shows  a  tvDical 
chromatogram  of  fresh  cane  juice.   It  was  learned  that  dextran  could  be  separated  from  sucrose,  glucose 
and  fructose  with  the  system  described  above.   However,  other  polysaccharides,  salts  and  lactic  Sid 
emerge  with  dextran  (Table  1).   Because  the  products  of  degradation,  dextran  and  lactic  acid  cannot  be 
separated  on  this  column,  the  peak  ascribed  to  dextran  would  be  more  accurately  labeled  as  salts  and 
degradation  products.   Nevertheless,  these  products  of  deterioration  are  well  separated  from  sucrose, 
lypical  chromatograms  of  deteriorated  juices  are  shown  in  Figure  2b  and  2C. 


Table  1, 


Retention-times   for   sugars,    inorganic   salts,   and  known  deterioration  products  run  on   the 
Aminex  Q150S  K+  column. 


Retention-time 


Inorganic   salts 

Dextran 

Lactic  acid 

Acetic   acid 

Sucrose 

Mannitol 

Glucose 

Fructose 

Ethanol 


3.65 
3.65 
3.95 
4.30 
5.40 
6.45 
6.93 
7.45 
7.95 


fr«h  a        fit   °riPnal   fudy'    the  results  of   the   liquid   chromatography  and  polarimetric  analysis  for 

fresh,   moderately  deteriorated,   and  badly  deteriorated  juice  were  compared.      The  correlations  coefficients 
between   the    two  methods  ranged  from  0.989   for   fresh  juices   to  only  0.460   for  badly  deteriorated  juices 


A.     Fresh  juice 


Sucrose 
(5.40  min) 


B.     Moderately  deteriorated  juice 
Salts  &  deterioration  products   (3.58  min) 


glucose  (6.89  min) 

■fructose  (7.44  min) 


.Sucrose 
(5.40  min) 


C.     Badly  deteriorated  juice 

Salts  &  deterioration  products   (3.58  min) 

Sucrose  (5.40  min) 


fructose  (7.44  min) 


Figure  2^.     Chromatographic  separation  of  juices  on  Aminex  Q150s  (K+) 
@  2.5  ml/min. 
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l   Sucrose  by  Liquid  Chromatography 
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A.   FRESH  JUICE 

Correlation  ■"  98.932 
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B.     BADLY  DETERIORATED  JUICE 
Correlation  -   46.041 


10  12 

Figure  3      Scatter  diagrams  relating  sucrose  %  determined  by  polanmetry 

'       Prom  tJsSe  "suits   it  was  ^e^^*  ^^^^^^Z  T ZS^XS^SSST 
during  periods  when  false  pols  may  be   experienced.  products    in   the   same   run   as    the   sucrose 

freeze   in  Louisiana.      The  fact  that  HPLC  measures^ det nation  Product        However,    it   is   unlikely   that   a 
analysis   should  make   it   particularly   attracUv      *£*££  k-damaging   freeze.      Serious   consideration 
HPLC  unit  would  be  purchased   for  use   only   after   a   *e^e  Therefore,    for   the   last   27   days   of    the 

of  HPLC  would  more   likely  be   over   t^^"*/!™1^8"^  analysis  was   run  on  duplicates   of   pol 
1978   sugarcane  harvest   at   the  St.    Martmville  .^"poop.,    H ^  *  polarimetric   analysis,    and   to 

analysis   samples.      The  objectives  were  "  again  ^areHPLC   analysis^      P  ^   ^   ^^   ^  ^ 

study   the   feasibility  of  using  HPLC  in  a  Louisiana  !u«£  f"£^nt   too.7566  correlation  on  the  day  of 
sucrose   ranged   from  0.9700  correlation^   the   day   of   best   agre»      ^   ^   ^  ^ 

least  agreement    (Figures  4 A  and  4 B)        The  overall  corr  harvesting  editions   experienced   m   1978. 

relatively  high  agreement  wast ^expected         e       r  could  be  run  with  HPLC. 
Under  the  conditions   tested,    8   to   10  samples  per 
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B.     Day  of  least  agreement 
correl ation  =  75.7% 


Figure  4 


li  %   Sucrose  by  Liquid  Chromatography" 

4   Scatter  diagrams  relating  sucrose  determined  by  polarimetry 
vs.  LC. 


A.  Day  of  best  agreement 
rnrrelation  =  97.0% 


13        15        17 
Sucrose  by  Liquid  Chromatography 
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Comparison  of  HPLC  and  polarimetric  analysis  was  also  made  for  sampling  points  in  the  mill    Anal   • 
of  these  data  reveals  greatest  disagreement  in  results  for  products  of  Las?  puri^.   The  dif  fences  In" 
results  were  greatest  for  molasses  samples  where  LC  and  pol  estimates  typically  differed  h Jy 
A  typical  chromatogram  of  molasses  is  found  in  Figure  5a!  A  typSl^tograf  rc^Lgar  TsToZt 
in  Figure  5B ,  and  sucrose  after  acid  inversion  and  neutralization  in  Figure  5C   All  sam„i    „  P   I? 
in  a  sugar  factory  can  be  run  by  liquid  chromatography  on  the  Aminex  QlTol [  K!  Column.    ?    '       "  "" 


A.  Molasses 


Salts  &  deterioration 
-products  (3.58  min) 


glucose  (6.89  min) 


fructose  (7.44  min)  SuCr0Se  (5-40  m1n> 


r 


B.  Raw  Sugar 

Sucrose  (5.40  min) 


L 


r 


c-     Products  of  acid  inversion  of  pure  sucrose 

—====— Salts   (3.58  min) 


Sucrose  (5.40  min) 

; glucose  (6.89  min) 

fructose  (7.44) 


Fig.   5.     Chromatographic  separation  of  sugar-products  on  Aminex  Q150s  (K+) 

In   conclusion,  when  analyzing  materials   of   high   purity  with   no   "false   pol"  content,    HPLC   sucrose 

low  2   itvarHPLcT  Y   ^  be"er   ^  P°larimetric   s—   estimates.      Howe'ver,    for   those  mat" SL   of 

meThnH        y'              •  ^"^  m°"   accurate   and   a   superior  method.      HPLC   is  a  dependable,    rapid,    and   accurate 

method   of  measuring  sucrose,    glucose,    fructose   and   degradation  products   of   sugarcane  and   sugarcane  products. 
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CONCENTRATION  OF  CLARIFIED  CANE  SUGAR  JUICE  BY  REVERSE  OSMOSIS 
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ABSTRACT 

1.  utilizes  a  high  pressure  to  overcome  the  osmotic  pressure  of  the  solution  and  thus 
Reverse  osmosis  utilizes  a  nign  prebbui  nrr,rPo<=  reauires  much  less  energy  compared  to 

force  pure  water  across  a  semi-permeable  memb rane   This  Pr^es;  ^u™  mu       A  20  ft2  polyamide 
more  traditional  techniques  of  water  remova  1  •£*  J»  «  1  P  ^«£~^  cane  clarified  juice  solution 
spiral  wound  membrane  was  used  to  study  the  feaslDiiixy  filter.   In  addition  to  clarified  juice, 

following  pretreatment  through  a  5  micron  P^W^  various  temperatures ,  pressures  and  concentrations, 
pure  water  and  pure  sugar  so  Miens  «™  *"  ^.'^S  ranged  from  0.44  gallons/ft  Vday  for 
At  an  operating  pressure  of  450  psxg   ^^^^^f  ^  temperature.   Typically,  the  average  flux 
clarified  juice  at  110  F  to  36. /I  tor  pu  gallons/f t2/day  at  110°F  and  450  psig.   In 

over  a  juice  concentration  range  of  10  to  25   bnx  was  a.u  g      /    /  J  decreased  by 

spite  of  the  pretreatment  step,  fouling  of  the  membrane  was  a  ma,o   obs  acle  as  th  ^^ 

50%  over  a  48  hour  period  ^"J^^^^^SS'fr^^iir  solution  was  very  pure,  yielding 
ri^se™:  .^"o?  100  ^n  ETSL.!   In  spite. [^^  savings  in  « -f  Requirement,  ^emova. 
2  -mberafe°techrolS:ifSde  S£  ^S^"^  and  i" Sii .  and  maintenance  cost  of  the 
membrane  outweigh  the  benefits  derived  from  energy  savings. 

INTRODUCTION 

D„ri„8  raceut  years,    reverse  =,  T  ^•S^^SSS^^SJ^^^   ZZX™ 
--  b"'klS  TllaM       Z  tecauolojy  u.s a  so  Hidely  adopted  by  the  food  industries ,  particularly 

flux  decay  due  to  membrane  fouling. 

EXPERIMENTAL  APPARATUS  AND  PROCEDURE 

The  experimental  apparatus  used  in  this  study  is  shown  it ^»»^^^^^rS^ 
tank  Tl  is  pumped  through  the  5  micron  cartridge  filter  to  tank  £2  equippe  rq  ^.^ 

T2  the  solution  is  pumped  by  the  multistage  cen""^alpumpP  through  the  re  ^   conductivity 

separates  the  solution  into  a  permeate  and  a  c°ncentr*^nStr*™; at        s  re  is  controlled  by  throttling 
meter  CM  and  flowmeters  FM1  and  FM2  monitor  the  operation.  _  Operating  pressure 
the  globe  valve  V.   The  modes  of  operation  are  summarized  in  labie  i. 


Table  1 


Operating  Conditions 


Solution 


Cone. , 
°  brix 


Operating 
Pressure 

Psj-g 


Temp. 
°F 


Time 
(Hours) 


Pure  Sugar 


Clarified  Juice 
Pure  Water 


4.6,  9.5 

13.0 

13.0  -  21.1 
10  -  25 


200,  250 
300,  375 
450 

250,  300, 
375,  450 

450 

450 

200,  250, 
300,  375,  450 


75-115 

75-115 

113 
75-115 
75-115 


up  to  48 


The  feed  flow  rate  to  the  reverse  osmosis  unit  varied  from  4  to  8  gpm. 

1/  Present  address:   Accurex  Corp.  485  Clyde  Ave.,  Mountain  View,  CA  94042. 
2/  Present  address:   C  &  H  Refinery,  Crockett,  CA  94525. 


2/ 
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Figure  1.   Experimental  Apparatus 


RESULTS  AND  DISCUSSION 

At  constant  concentration  and  purity,  the  flux  increased  linearly  with  temperature  and  pressure 
Figure  2  shows  the  increase  in  flux  with  temperature  for  various  sugar  solutions.   From  this  figure   it 
purity  isSalI        ^  ,temPeratUre  dePendence  de"eases  -th  increased  concentration   Ke   Slect'of 
!S"?  b^if  Lafo?36«tpuWrUy?°mparin8  ^  ClarifiSd  JUlCe  "  12-01°  brlX  3nd  85-18°  "^  ^th  thafat 

at  10^-  ^ri3tl0n  °f  "UX  With  tirae  ls  sho™  ^  Figure  3.   The  extended  run  on  the  clarified  juice  sample 
In  a  la  £  rur(Fi2ureat^  a"  ?0.fOu1^  °f  ^  memb—>  a  K»«  of  46%  in  flux  was  sustained  in  4  h   s. 
™r*t   w  *  lu      (FlgUreu4)  a  Slmlar  tlme  studY  ^s  carried  out  with  clarified  juice  at  14.6°  brix  65° 
with  a  27  so'lution  oCfSe  d    fKl0W  °f  JUiCe  WaS  disconti-ed  every  eight  hours  and  the  membran  was  "lean  d 

essentially  all  or  the5?!1"    atS'    °f  ?  '^  °ri8inal  flUX  WaS  r6St°red  after  the  «™t  cleaning  while 
essentially  all  of  the  flux  was  recovered  after  the  second  treatment  with  sodium  borate. 

fl„x  T,±lnef    ll    ^  enc?ura8in?  to  note  that  the  membrane  can  be  effectively  cleaned,  the  rapid  decline  of 
flux  is  of  concern  since  this  necessitates  frequent  equipment  shutdown  for  flux  regeneration  the  cost  of 
a  parallel  unit  for  continuity  of  operation  and  the  cost  of  the  chemical  agent  itsel" 

A  clarified  juice  sample  at  10.36°  brix  was  concentrated  to  25.21°  brix  at  450  psig  and  110  75°F 
Twelve  and  twenty-six  one  hundredths  (12.26)  gallons  of  permeate  were  collected  in  2^33  hours   The  average 
wn  "d  K      -Un,WaS  5'°2  gallons/ft2/day.   Based  on  these  figures,  120,000  ft2  of  membrane  surfacTarla 

t  admLeimr0fe45  ^sL  :DCIrr?-8rlndin8  4°°°  """  °f  ^  P^  ^-   ***«"  l^-SoTrestrictJd^  ration 
Assuming  the  hLhfr  Lt§  °Pefr\tln8  Pressure-   In  practice,  higher  pressures  and  temperatures  could  be  used. 

experimttal  run  60  oJo  ft°   6mp\rature  "J  PreSSUre  r6SUlt  ln  twice  the  flu*  figure  obtai-d  in  the 
experimental  run,  60,000  ft"  of  membrane  surface  would  still  be  required. 
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Figure  2.   Variation  of  flux  with  time  at  450  pslg  operating  pressure. 
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The  sucrose  rejection  of  the  membrane  was  100  in  all  cases  while  the  ash  rejection  varied  from 
95  to  99.   While  it  is  important  to  secure  as  high  a  sucrose  rejection  as  possible,  it  is  possible  to 
obtain  a  higher  flux  with  a  "looser"  membrane  that  will  allow  more  ash  to  pass  through  but  will  still 
reject  all  the  sucrose. 

The  experimental  membrane  (supplied  by  U0P,  San  Diego,  Energy  Savings  California)  lasted  153  hours. 

It  would  be  interesting  at  this  point  to  examine  the  energy  savings  using  reverse  osmosis  as  partial 
replacement  for  evaporation. 

Suppose  1  million  gallons  of  clarified  juice  per  day  are  to  be  concentrated  from  10.36°  to  65°  brix. 
Two  methods  of  concentration  will  be  compared: 

ii!   S3  r^-o^S  rS^e   conception    to   25.21'   bri*   and    then  con.ple.ins   the   eviction 
to   65°   brix   in   the   triple   effect   evaporator. 

It  is  assumed  that  exhaust  steam  is  available  at  30  Psia  and  that  a  vacuum  of  26"  Hg  prevails  in  the 
last  cell.   Furthermore,  it  will  be  assumed  that  the  steam  economy  is  2.5. 
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Figure  3.   Variation  of  flux  with  time  at  constant  pressure  (450  psig) ,  temperature  (114°F) . 
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Figure  4.   Variation  of  flux  with  time  at  constant  pressure  (450  psig),  and  temperature  (114. 8°F) 
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i)   Evaporation  from  10.36°  to  65°  brix 
65  -  10.36 


%  Evaporation  = 


65 


100  =  84.06 


Water  to  be  evaporated  =  (106) (8 . 65) (0 . 8406)  =  7,271,190  ^ 


Steam  required  =   '  „  ' =  2,908,476  lbs/day 

At  30  psia,  BTU/day  required  =  (2 , 908, 476) (945 . 3)  =  2.75  x  109 
ii)  R.O.  from  10.36°  to  25.21°  brix  followed  by  evaporation  to  65°  brix 

%  water  removal  by  R.O.  =  (25'  |^- ~  p^ 36)   100  =  58.91 

Water  removed  from  R.O.  =  (106)  (8.65)  (.5891)  =  5,095,715^- 

Clarified  juice  entering  the  evaporator  =  (10  ) (8. 65) ( . 4109)  =3,554,285  lbs/day 
Gallons  clarified  juice  per  minute  =  (10  )  4  (1440)  =  694.4 
Suppose  the  operating  pressure  is  750  psig  and  the  pump  efficiency  is  60% 


H.P.  required 


(694.4)(750)(2.31)(1.04) 
(3960) (0.60) 


527 


61.22 


BTU  per  day  =  (527)  (1440)  (42 .  44)  =  0.0322  x  107 

(65  -  25.21)(100) 
%  water  removal  by  evaporation  =  rr 

Water  evaporated  =  (3, 554, 285) (. 6122)  =  2,175,933  lbs/day 

2  175  933 
Steam  consumption  =  — ! j2^ —  =  870,373  lbs/day 

At  30  psia,  BTU/day  =  (870, 373) (945 . 3)  =  0.823  x  109 

Total  BTU/day  =  (0.823  +  0.032)109  =  0.855  x  109 


2.75  -  0.855  nnn. 
%   energy  saving  =  T^Fb \*-\M) 


68.9 


A  simple  cost  analysis  will  show  that  the  savings  in  energy  cannot  compensate  for  the  capital  cost 
required  to  install  and  operate  the  reverse  osmosis  unit. 

CONCLUSIONS 

Flux  increases  with  increase  in  operating  pressure,  temperature,  and  purity,  and  decreases  with 
increasing  concentration.   In  all  cases,  there  is  total  rejection  of  sucrose  and  very  high  rejection  of  ash. 
The  flux  decreases  fairly  rapidly  with  time  due  to  fouling  of  the  membrane  surface.   However,  cleaning 
with  a  2%  sodium  borate  solution  restores  most  of  the  flux.   Pretreatment  of  clarified  juice  is  essential. 
In  spite  of  the  energy  savings,  the  reverse  osmosis  process  cannot  compete  with  multiple  effect  evaporation 
for  removal  of  water  from  clarified  juice.   The  main  reasons  for  this  are:  low  flux  values,  membrane  fouling 
and  membrane  life.   With  increased  energy  costs  and  improved  membrane  technology,  reverse  osmosis  could 
eventually  find  its  place  in  the  cane  sugar  factory. 
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INTRODUCTION 

Corrosion  may  be  defined  as  the  deterioration  of  a  structure  or  part  of  a  structure  due  to  the  action 
of  the  total  environment  or  individual  environmental  agents.   The  corrosion  of  metals  is  by  far  the  most 
important  and  is  the  subject  of  this  paper.   Two  types  of  corrosion  are  distinguished  -  chemical  corrosion 
and  electrochemical  corrosion.   The  first  involves  the  reaction  of  metals  with  substances  such  as  oxygen 
and  sulphur  dioxide,  often  at  high  temperatures,  and  is  not  of  too  great  importance  in  the  sugar  industry, 
except  for  perhaps  the  contact  of  boiler  tubes,  etc.  with  the  furnace  gases.   Electrochemical  corrosion 
occurs  in  the  presence  of  moisture  and  it  is  this  type  of  corrosion  that  is  of  greatest  concern. 

Corrosion  in  the  raw  sugar  factory  has  been  the  subject  of  much  discussion  over  the  years  and  an  ex- 
tensive review  of  the  related  problems  in  the  sugar  beet  industry  has  been  published  by  Travanelli  et  al.(l). 
The  present  paper  attempts  to  focus  on  some  aspects  of  corrosion  in  the  raw  cane  sugar  factory  and  to"  suggest 
partial  remedies  for  some  of  the  more  serious  problems. 

THE  CORROSION  PROCESS 

Corrosion  may  be  regarded  as  the  tendency  of  metals  to  revert  to  the  natural  state,  i.e.,  to  the  ore 
from  which  the  metal  was  produced.   Very  few  metals  exist  in  nature  in  the  elemental  form  and  these  are 
quite  unsuited  to  the  process  we  are  considering.   The  reversion  to  the  oxides  of  all  the  industrially 
important  metals,  iron,  copper,  aluminum,  etc.,  is  energetically  favorable.   It  is  therefore  not  possible 
to  completely  prevent  corrosion  but  corrosion  can  be  markedly  reduced  if  the  appropriate  precautions  are 
taken. 

The  cost  of  corrosion  to  the  industry  may  be  listed  under  the  following  headings:  (a)  direct  costs 
related  to  the  replacement  of  damaged  equipment,  (b)  indirect  costs  due  to  (i)  stoppage  or  decreased  per- 
formance, e.g.,  decreased  heat  transfer  or  mechanical  strength  or  (ii)  decrease  in  the  quality  of  product 
due  to  contamination  by  interaction  with  corrosion  products,  (c)  additional  costs  due  to  use  of  more 
expensive  corrosion  resistant  materials,  inhibitors  and  coating  materials. 

In  order  for  electrochemical  corrosion  to  occur,  the  metal  must  be  in  contact  with  a  solution  which 
is  able  to  conduct  an  electric  current  to  form  a  corrosion  circuit  (Figure  1)  with  the  metal.   The  current 
flowing  in  the  circuit  determines  the  rate  of  corrosion  of  the  metal  -  the  rate  at  which  the  metal  passes 
into  the  solution.   The  current  is  determined  by  the  difference  in  electrode  potential  between  the  anode 
and  cathode  and  by  the  resistance  of  the  circuit. 


METAL 


Hydrogen  evolution  (acidic  solutions) 

Reduction  of  oxygen  (neutral  and  alkaline  solutions) 


SOLUTION 


>  Metal  dissolving  (corrosion) 


anode 


Figure  1.   The  Corrosion  Process 


If  two  different  materials  are  in  contact  with  each  other  and  with  the  same  solution  then  the 
difference  in  potential  of  the  anodic  and  cathodic  sites  may  be  quite  high  and  rapid  corrosion  of  the 
more  active  metal  may  occur.   When  the  solution  is  in  contact  with  a  single  metal,  anodic  and  cathodic 
sites  are  still  present  due  to  the  uneven  character  of  the  metal  surface.   Corrosion  is  more  likely  to 
occur   i.e.   the  anodic  site  will  be  present,  at  an  area  where  the  metal  is  under  stress,  at  gram 
boundaries  at  welded  joints,  where  cracks  have  been  formed  and  where  there  is  a  deficiency  of  oxygen 
relative  to  the  rest  of  the  solution.   Corrosion  rate  is  often  expressed  as  the  average  loss  of  thick- 
ness of  the  metal  with  time  but  this  can  be  very  midleading  since  corrosion  at  a  very  small  area  of 
the  metal   e.g.,  pitting,  can  be  very  rapid,  even  though  the  overall  loss  of  metal  is  very  small.   The 
electrical  resistance  of  the  circuit  is  usually  determined  by  the  ease  of  transfer  of  charge  at  the 


anodic  and  cathodic  sites.   Passivation  of  a  metal  is  the  formation  of  a  surface  coating  of  corrosion 
product  usually  the  oxide  or  hydrated  oxide,  on  the  metal  and  this  layer  has  a  high  electrical  resis- 
ince  which  reduces  the  current  flowing  in  the  circuit  with  corresponding  decrease  in  the  rate  of  cor- 
jsion   The  use  of  inhibitors  also  results  in  increased  electrical  resistance  at  the  surface  of  the 
»tal   Cathodic  inhibitors,  e. g. ,  chromates,  phosphates,  carbonates,  etc.,  promote  the  formation  of  a 


rhe  corrosion  circuit.   These  inhibitors,  often  alkyl  amines  or  thioureas,  are  of  greatest  importance  in 
prevention  of  corrosion  in  acidic  solutions.  Some  inhibitors  of  this  type  are  not  very  stable  in  acidic 
solution  and  will  lose  their  activity  over  a  period  of  time.   It  is  therefore  unwise  to  use  acid  to  which 
the  inhibitor  was  added  at  manufacture  or  to  assume  that  previously  inhibited  acid  can  be  reused  safely. 
The  inhibitor  should  be  added  to  the  acid  just  prior  to  its  use.   Differences  in  the  corrosion  character- 
istics of  similar  metals  often  arise  due  to  the  polarization  of  the  metal  surface,  i.e.,  the  ease  with 
which  the  metal  is  lost  to  solution.   Increased  polarization  means  increased  resistance  and  therefore  lower 
corrosion  rates.   Nickel,  for  example,  is  far  more  polarized  in  acid  solution  than  is  iron. 

It  is  usually  fairly  easy  to  choose  a  suitable  metal  for  a  vessel  when  the  conditions  under  which  it 
is*  to  be  used  are  constant,  e.g.  the  clarifier.   When  the  process  demands  that  the  conditions  are  varied 
dramatically,  e.g.,  the  evaporators,  then  the  choice  is  more  difficult.   Any  protective  layer  formed 
during  the  normal  running  of  the  evaporator  and  in  treatment  with  caustic  soda  will  be  removed  by  the  acid 
during  the  final  stage  of  cleaning. 

TYPES  OF  CORROSION 

Corrosion  may  be  thought  to  occur  as  general  corrosion  or  as  localized  corrosion.   General  corrosion 
involves  loss  of  material  from  all  the  surface  and  may  usually  be  planned  for  by  using  a  suitable  thick- 
ness of  metal.   Localized  corrosion  involves  loss  at  a  particular  area,  often  rapidly  and  at  a  critical 
part  of  the  structure.   Intergranular  and  pitting  corrosion  are  examples  of  localized  corrosion.   Pitting 
corrosion  in  steel  is  accelerated  by  the  presence  of  chlorides.   Corrosion  is  greatly  increased  when  the 
metal  is  under  stress  and  when  abrasion  occurs  due,  for  example,  to  the  presence  of  a  solid  such  as  sand 
or  to  the  rubbing  together  of  metal  surfaces.   The  metabolic  activity  of  microorganisms  can  cause  deter- 
ioration of  metals  by  creating  a  corrosive  environment  or  influencing  the  rates  of  the  anodic  or  cathodic 
reactions.   This  is  known  as  biological  corrosion. 

SITES  IN  THE  SUGAR  FACTORY  AT  WHICH  CORROSION  OCCURS 

There  is  no  single  corrosion  problem  in  the  sugar  industry,  rather  a  series  of  problems  depending  on 
the  operation  involved.   Some  process  steps,  e.g.,  clarification,  are  associated  with  negligible  corrosion 
whereas  later  steps  may  involve  very  serious  corrosion. 

Corrosion  which  occurs  at  the  wash  table  and  the  mill  is  principally  due  to  the  acid  materials  pre- 
sent at  this  stage  of  the  process.   Biological  corrosion  can  become  a  serious  problem  at  the  wash  table 
and  this  is  discussed  in  more  detail  later.   Mill  corrosion  problems  are  usually  slight  providing  that 
adequate  mill  sanitation  procedures  are  followed. 

There  are  usually  no  corrosion  problems  at  the  liming  station  and  at  the  juice  heaters  if  a  cold 
liming  process  is  used.   Scaling,  and  therefore  the  need  for  its  removal  is  not  a  serious  problem  since 
the  presence  of  solid  material  and  the  high  velocity  of  the  juice  does  not  allow  serious  scale  formation. 
When  hot  liming  is  practiced,  the  juice  heaters  may  suffer  from  erosion  corrosion  due  to  the  acid  pH  of 
the  untreated  juice. 

Evaporator  corrosion  is  very  much  associated  with  the  need  for  scale  removal  and  is  discussed  later 
in  this  paper.   Corrosion  at  the  vacuum  pans  is  not  very  serious,  due  in  part  to  the  lack  of  scale  as  a 
result  of  the  scouring  action  of  the  sugar  crystals.   Stress  related  corrosion  has  been  noted  in  the 
centrifugals,  especially  when  a  high  chloride  concentration  occurs  in  the  molasses  (1).   Corrosion  of  the 
insulated  surfaces  of  boilers  and  steam  pipes  has  been  observed  and  related  in  part  to  the  intermittent 
operation  of  the  factory  and  the  nature  of  the  fuels  used  (2). 
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EVAPORATOR  CORROSION 

Evaporator  cleaning  and  corrosion  in  Louisiana  has  been  the  subject  of  several  studies  over  the 
years  (3,4).   Our  recent  survey  of  some  of  the  scaling  and  corrosion  problems  of  the  industry  reveals 
a  considerable  diversity  of  situations.   Some  factories  seem  to  have  overcome  these  problems  whereas 
others  have  serious  difficulties  with  corrosion.   Quantitative  data  on  corrosion  is  extremely  difficult 
to  acquire  and  the  survey  asked  that  corrosion  be  classified  as  severe,  moderate,  mild  or  absent   By 
giving  these  classifications  arbitrary  weightings  of  4  (severe),  2  (moderate),  1  (mild)  and  0  (absent) 
it  is  possible  to  make  a  rough  correlation  of  the  corrosion  with  other  factory  data.   The  assessment  of 
corrosion,  e.g.,  as  mild  or  moderate,  depends  very  much  on  the  experience  of  the  observer  and  any  con- 
clusions from  such  an  analysis  should  be  used  as  a  basis  for  a  more  detailed  investigation.   The  infor- 
mation regarding  scaling  on  the  questionnaire  was  treated  in  the  same  way.   Thus,  for  the  three  seasons 
(1976,  1977  and  1978)  and  for  the  three  vessels  in  a  triple  effect,  a  maximum  of  36  points  (4  for  severe 
corrosion  of  each  vessel  in  each  season)  could  be  obtained.   This  analysis  does  not  allow  for  variation 
in  the  type  of  scale  in  each  vessel.   Although  a  rather  unsatisfactory  method  of  data  analysis,  it  does 
give  some  indication  of  where  the  problems  lie. 

No  clear  relationship  was  apparent  between  scaling  and  the  quantity  of  lime  used  in  clarificaton 
or  the  pH  of  the  juice  after  liming.   Increased  corrosion  could  be  related  to  the  pH  of  the  clarified 
juice  (Fig.  2)  and  to  the  severity  of  the  scaling  (Fig.  3).   Two  factories  out  of  20  stand  out  as  having 
much  more  severe  corrosion  problems  and  one  reported  no  corrosion  at  all. 
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Fig.  2.  Plot  of  pH  of  clarified  juice  against 
corrosion  in  evaporator. 
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Fig.  3. 


SCALING 
Plot  of  scaling  against  corrosion  in  evaporators. 


The  problem  could  be  avoided  almost  completely  if  no  scaling  occurred  and  the  evaporators  could  be  run 
under  constant  conditions.   Scale  avoidance  can  only  be  complete  if  the  clarified  juice  was  subjected  to 
softening  by  ion  clarified  exchange  but  this  is  economically  impossible  at  present.   Scaling  can  be  mini- 
mized by  careful  control  of  the  clarification  process  and  it  is  noteworthy  that  many  of  the  Louisiana  mills 
operate  the  clarifier  at  a  lower  pH  than  most  areas.   Although  this  does  to  some  extent  minimize  scaling  by 
keeping  the  lime  concentration  in  the  juice  low,  operating  the  clarifier  at  a  lower  pH  can  increase  corrosion. 
This  is  evident  from  the  data  received  from  the  survey  of  mills  in  Louisiana — mills  operating  at  low  pH 
tended  to  have  more  corrosion  problems.   Evaporation  of  the  juice  to  syrup  can  produce  a  decrease  in  pH,  again 
favoring  corrosion. 

The  cleaning  process  used  now  in  most  factories  is  essentially  the  same  as  reported  by  Keller  in  1939  (3) 
except  that  inhibitors  are  in  general  use  for  the  acid  treatment.  At  that  time  the  mills  tended  to  be  smaller 
and  the  evaporators  often  constructed  of  copper  which  is  the  most  suitable  metal,  both  from  the  standpoint  of 
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heat  transfer  and  of  corrosion  resistance.   At  least  one  factory  in  Louisiana  is  now  operating  a  set  of 
evaporators  with  an  all  copper  callandria; this  has  been  in  use  for  over  twenty  years  without  problems. 
This  is  obviously  the  best  solution  in  that  it  avoids  the  use  of  different  metals  in  contact  with  each 
other  and  also  uses  a  metal  of  low  reactivity.   However,  as  the  mills  have  expanded  and  the  cost  of  copper 
has  increased,  it  is  no  longer  feasible  to  construct  an  all  copper  system.   It  has  become  necessary  to  use 
less  suitable  metals  or  alloys,  sometimes  in  combination  with  copper.   A  brass  tube  plate  with  copper  tubes 
is  quite  satisfactory  but  there  can  be  a  loss  of  zinc  from  the  brass.   From  the  points  of  view  of  cost  and 
mechanical  strength,  steel  is  an  obvious  choice,  but  in  combination  with  metals  such  as  copper  the  steel  is 
likely  to  corrode  extremely  rapidly.   There  have  been  cases  where  steel  tube  plates  (used  with  brass  tubes) 
have  only  lasted  two  seasons.   If  at  all  possible,  the  combination  of  dissimilar  metals  should  be  avoided. 
If  this  is  not  possible  then  the  more  active  metal  should  show  high  polarization  characteristics.   Nickel 
is  such  a  metal  and  the're  has  been  considerable  success  with  the  use  of  nickel  clad  steel  in  evaporator 
construction. 

Stainless  steel  suggests  itself  as  a  suitable  metal  and  its  use  in  the  sugar  industry  has  been  dis- 
cussed (5).   Pitting  and  stress  related  corrosion  are  problems,  particularly  since  quite  high  concentra- 
tions of  chloride  are  present  in  the  juice.   Hydrochloric  acid  should  be  avoided  in  the  cleaning  procedure. 
The  combination  of  stainless  steel  tubes  with  mild  steel  plates  can  behave  as  a  dissimilar  metal  system 
resulting  in  severe  corrosion  of  the  tube  plates. 

Much  corrosion  could  be  prevented  if  an  alternative  to  the  acid  cleaning  procedure  could  be  used. 
Scale  removal  by  chelating  agents  such  as  versene  (ethylenediamine  tetraacetic  acid)  is  very  effective 
but,  unfortunately,  very  expensive.   Sulfamic  acid  has  less  tendency  to  cause  pitting  in  steel  and  is  an 
effective  and  convenient  alternative  to  hydrochloric  acid. 

A  more  immediate  approach  is  to  review  critically  the  concentrations  of  cleaning  agents  used  and  the 
time  and  temperature  of  boiling.   A  procedure  that  has  worked  well  in  the  past  for  a  vessel  constructed  of 
copper  is  not  necessarily  suitable  for  a  vessel  constructed  partly  of  steel.   The  minimum  concentration  of 
acid  required  for  effective  cleaning  should  be  determined  by  decreasing  the  concentration  of  acid  until 
diminished  results  are  observed.   Indicators  may  be  added  to  the  acid  to  show  when  it  is  spent,  thereby 
allowing  only  a  slight  excess  of  acid  to  be  used.   The  need  for  fairly  high  concentrations  of  caustic  soda, 
with  or  without  soda  ash,  is  fairly  well  established  (6). 

For  good  performance  the  only  metallic  surfaces  in  the  evaporator  that  must  be  in  contact  with  the  juice 
are  the  tubes.   It  should  be  possible  to  coat  the  rest  of  the  vessel  with  a  non-metallic  material.   This  would 
be  most  important  for  the  tube  plates  if  they  are  of  an  inferior  metal  to  the  tubes.   Glass  lined  vessels 
are  used  widely  in  the  chemical  industry  and  the  possibility  of  polymer  coatings  should  not  be  overlooked. 

CANE  WASH  TABLE 

Severe  corrosion  of  wash  table  carrier  chains  is  found  in  about  35%  of  Louisiana's  raw  sugar  mills.   It 
shows  up  as  significantly  shortened  operating  lives  for  the  carrier  chains,  in  some  cases,  chains  will  not 
last  more  than  one  campaign.   The  primary  cause  of  this  problem  is  the  continual  bathing  of  the  wash  table 
with  acid  wash  water. 

Acid  wash  water  is  the  direct  result  of  recycling  cane  wash  water.   Water  as  it  comes  off  the  wash 
table  has  an  appreciable  BOD   (200-600  mg/1)  and  contains  a  large  amount  of  suspended  solids  (1500-2000  ppm) 
of  which  only  60%  is  removed^by  settling  (7).   The  bulk  of  the  BOD  input  is  in  the  form  of  carbohydrate. 
Mixed  microbial  populations  present  in  the  wash  ponds  will  convert  the  carbohydrates  through  a  progression 
of  products,  ultimately  oxidizing  them  to  carbon  dioxide  and  water.   This  oxidation  takes  place  in  two 
stages,  the  first  in  the  absence  of  air  (anaerobic)  results  in  the  production  of  organic  acids.   The 
organic  acids  are  then  converted  in  the  presence  of  air  (aerobic)  to  carbon  dioxide  and  water.   The 
complete  oxidation  is  dependent  upon  a  number  of  parameters. 

1.  Sufficient  time  for  complete  oxidation 

2.  Enough  other  nutrients,  nitrogen  and  phosphorus,  to  maintain  a  balanced  population 

3.  Sufficient  air  for  complete  oxidation 

A  lack  of  any  of  these  elements  will  result  in  incomplete  oxidation,  usually  oxidation  only  to  the  stage 
of  organic  acids.   And  of  course,  high  organic  acid  production  will  result  in  a  pH  drop  and  ultimately  in 
wash  table  corrosion. 

A  survey  of  Louisiana  raw  sugar  mills  has  highlighted  certain  common  factors  in  mills  reporting  wash 
table  corrosion  problems. 

Wash  Rate                       . 
Mill  %  Water  Recirculated Gal/Ton Gal/Min  ; pH  of  Wash  Water 


1  100 

2  100 

3  100 

4  100 

5  100 
Total  mills  reporting  =  18 

Problem  mills  =  5     


1,720 
2,432 
4,492 
2,609 
1,503 


3,000 
6,000 
10,000 
6,000 
5,500 


5.5 
4.8 
4-5 
6.0 


a)  Figures  obtained  from  the  Gilmore  Sugar  Manual 
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All  the  mills  with  this  problem  use  100%  recycled  water  for  cane  washing.   They  generally  use  a  lar^P 
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amount  of  water  per  ton  of  cane  (1500  gal/ton  or  greater)  and  recirculate  at  more  than  5000  gal/min.   In 
themselves,  none  of  these  factors  is  important,  but  if  combined  with  a  small  volume  holding  pond  they  ind 
cate  conditions  suitable  for  the  development  of  acid  wash  water.   A  rapid  reuse  of  wash  water  with  a  con- 
tinuous carbohydrate  input  will  not  give  sufficient  time  for  complete  oxidation.   This  condition  effectively 
favors  the  anaerobic  process.   Large  microbial  populations  will  develop  which  because  of  their  numbers  use 
up  all  the  dissolved  oxygen  in  the  holding  ponds,  maintaining  the  anaerobic  condition  and  effectively 
blocking  the  conversion  of  organic  acids  to  carbon  dioxide  and  water.   This  population  will  continuously 
produce  organic  acids  and  continue  to  do  so  as  long  as  the  cane  is  being  washed.   Raising  the  pH  of  the 
pond  by  liming  or  adding  caustic  will  not  affect  acid  production  and  so  will  only  have  a  very  temporary 
effect. 

The  best  solution  is  a  holding  pond  large  enough  to  remove  the  added  BOD  before  the  water  is  reused. 
But  in  some  cases  because  of  land  limitations,  this  is  not  always  possible.   However,  proper  adaption  of' 
sanitary  engineering  techniques  in  holding  pond  design  and  the  use  of  aeration  can  appreciably  decrease 
the  required  pond  size.   Wash  table  corrosion  due  to  acid  wash  water  is  a  problem,  which,  with  intelligent 
handling,  should  be  resolvable. 

CONCLUSION 

Corrosion  control  is  inevitably  a  compromise  between  the  use  of  expensive  materials  with  desirable 
properties  and  of  less  expensive  materials  with  poorer  corrosion  resistance.   The  choice  of  material  is 
critical  and  if  possible,  short  term  savings  should  be  avoided.   Proper  operating  procedures,  e.g. 
clarifier  control  and  the  correct  use  of  inhibitors  and  recycled  wash  water  can  minimize  corrosion  to  an 
acceptable  level. 
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OBSERVATIONS  ON  THE  LOUISIANA  CORE  SAMPLERS 

by 

Harold  S.  Birkett 

F.  C.  Schaffer  &  Associates,  Inc. 

There  are  now  seven  Louisiana  sugar  mills  using  the  core  sampling  system   This  paper  presents  the 
replies  from  a  questionnaire  sent  to  all  of  the  mills  with  core  samplers.   All  mills  replied  to 
questionnaire.   The  questions  covered  included: 

1.  The  corer's  reliability  and  performance 

2.  The  pre-breaker's  reliability  and  performance 

3.  The  hydraulic  press'  operating  conditions 

4.  The  laboratory  facilities 

5.  Corer  system  and  operating  costs 

6.  Sampling  frequency  and  labor  requirements 

7.  Payment  methods 

8  Grower  and  factory  personnel  comments 

9.  Comparison  of  Corer's  Liquidation  factor  with  yield  per  standard  ton. 

INTRODUCTION 

ssSS5SSS=£=£S:-SS££5£S£S- 

Louisiana  sugar  factories  using  core  samplers  has  increased  in  recent  years. 


Table  1.   Number  of  Corer  Installations  in  Louisiana. 


Year 


Number  of  Operating  Mills 
With  Corer  Total 


%  With 
Corer 


1974 
1975 
1976 
1977 
1978 


37 
35 
35 
33 
28 


0.0 
2.9 
2.9 
6.1 
25.0 


Several  additional  mills  have  shown  interest  in  core  samplers  and  the  number  of  mills  using  core  samplers 
is  expected  to  increase  in  the  future. 

Corer:   To  the  question  "How  reliable  was  the  corer?",  the  responses  were: 
Very  reliable 

Quite  reliable  (20  hours  lost  time) 
95%  reliable 
Most  reliable 
Reliable 
Lost  half-day 
Lost  3  hours  during  crop 

The  reasons  for  down  time  on  the  corers  were  due  to: 
Bent  coring  table 
Faulty  switch 

Carriage  latch  malfunction 
Changing  of  cutter  ring  (twice) 


Pre-Breaker 


The  pre-breaker  is  a  sample  preparation  device  that  shreds  the  cane  without  extracting  any 


juice. 


The"  shredded  cane  is  then  sub-sampled  and  sent  to  the  laboratory  for  analysis 


*•       ron,HHtv  nf  the  nre-breaker  only  one  mill  indicated  that  it  was  not 
entirelyr;:Ptisfeied0w  h  JS^nSbmtf^iel^rULr.   One  mill  suggested  that  a  finer  preparation 
would  1e  desirable,  while  another  mill  felt  that  there  was  "some  question  under  muddy  conditions.    One  mill 
recommended  that  the  anvils  and  hammers  be  changed  every  10,000  samples. 

Hydraulic  Press:   The  hydraulic  press  is  used  in  the  lab  to  separate  the  cane  sample  into  juice  and  bagasse 
fractions  for  analysis. 

All  mills  operated  the  hydraulic  press  so  as  to  exert  a  pressure  of  3600  psig  on  the  sample.   Four  mills 
pressed  the  sample  for  3  minutes,  while  the  other  three  mills  used  a  2  minute  pressing  cycle. 
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Laboratory  Facilities:   The  laboratory  analyses  consist  of:  (1)  weighing  the  cane  and  bagasse  samples 
(2)  analyzing  the  juice  for  pol  and  Brix,  and  (3)  determining  the  moisture  content  of  the  bagasse. 

Five  of  the  seven  factories  erected  new  independent  laboratory  buildings  to  handle  the  grower  samples 
while  two  mills  used  the  existing  factory  control  lab.  ' 

Four  of  the  seven  factories  used  quick  operating  electronic  scales  to  perform  the  weighings. 

All  mills  used  ref ractometers  to  determine  the  juice  Brix,  and  two  mills  used  automatic  (digital) 
polariscopes  for  the  pol  determinations. 

All  mills  had  at  least  one  convection  oven  for  determining  the  bagasse  moisture.   Some  mills  had  four 
ovens,  although  the  average  mill  had  2.4  ovens. 

Some  mills  used  microwave  ovens  to  speed  up  the  moisture  determinations.   The  number  of  microwave  ovens 
at  a  factory  varied  between  none  and  two,  with  the  typical  factory  having  one  microwave  oven. 

Data  Handling:   All  seven  factories  use  a  computer  to  calculate  and  tabulate  the  corer  results   Five  mills 
use  a  service  bureau  with  costs  varying  from  $3,200  to  $7,500  and  averaging  $4,800  per  year   Two  mills  pur- 
chased computer  systems  that  cost  $23,400  and  $27,000  respectively.   These  two  mills  also  utilize  these 
computers  for  factory  payroll,  daily  and  weekly  reports,  etc. 

Total  Corer  System  Cost:  The  total  cost  of  the  corer  installation  including  the  hydraulic  press,  laboratory 
building  and  lab  equipment  ranged  from  $95,000  to  $145,000  with  an  average  of  $121,000.  These  costs  exclude 
that  of  the  first  corer  installation  which  was  installed  at  an  introductory  price. 

Sampling,  Frequency:   Prior  to  the  installation  of  the  core  sampler  the  samples  analyzed  per  day  varied  between 
33  and  90  with  an  average  of  70.   Following  the  installation  of  the  core  sampler  these  mills  analyzed  between 
70  and  122  samples  on  a  typical  day,  to  give  an  average  of  96  samples  per  day. 

Labor  Requirements:   Labor  requirements  for  the  core  sampling  system  varied  from  3  to  6  people  with  an  average 
of  4.9.   These  same  mills  had  previously  employed  between  7  and  16  people  with  an  average  of  8.9  people  to 
operate  the  conventional  cane  sampling  system. 

Payment  Method:   The  total  payment  for  cane  is  based  on  sugar  and  molasses  produced  and  on  hauling. 
Sugar:   The  percentage  of  the  sugar  sales  paid  to  growers  varied  from  60  to  64.2%  with  an  average  of  61.9%. 
Molasses:   Two  mills  based  the  molasses  payment  on  the  gross  cane  delivered.   Three  mills  based  the  payment 
on  "net"  cane  where  the  trash  content  was  obtained  from  typical  values  of  previous  years.   One  mill  based  the 
molasses  payment  on  the  sugar  yield. 

Hauling:  Four  mills  based  the  hauling  payment  on  the  gross  cane  weight.  Three  mills  based  the  hauling  pay- 
ment on  "net"  cane  as  determined  above. 

Grower  Response:   The  following  comments  were  received  on  the  growers'  response  to  the  core  sampling  system: 
Very  well  -  should  have  been  installed  many  years  ago. 
Very  well  on  the  whole. 

Apprehensive  at  first,  then  gained  confidence  in  system. 
Excellent  response. 

Satisfied  and  enthusiastic.   Pleased  with  speed. 
Apprehensive  at  first,  then  concluded  it  was  fair. 
Good  acceptance. 

Factory  Response:   Factory  personnel  provided  the  following  comments  on  the  core  sampling  system: 

Delighted. 

Should  have  been  adopted  years  ago.   May  not  be  perfect  but  is  far  superior  to  the  old  system. 

Mud  in  juice  should  be  deducted.   Improve  microwave  method. 

Operation  under  muddy  conditions  not  encountered.   Mud  in  juice  sample  measured  and  corrected  for. 

Tremendous  improvement  over  old  method.   Sub-sampler  needs  improving. 

Variability  between  Factories:   The  ratio  of  the  actual  sugar  production  to  the  theoretical  recoverable 
sugar  (TRS)  predicted  by  the  corer  is  called  the  liquidation  factor.   In  1978  this  factor  varied  from  a  low 
of  84%  to  a  high  of  95%  with  an  average  of  90.5%. 

In  the  case  of  the  conventional  sampling  method  the  factory  yield  per  standard  ton  reflects  the  varia- 
bility between  factories  in  much  the  same  way  as  the  variation  of  the  liquidation  factor  reflects  the 
variability  between  factories  using  the  corer. 

In  1978  the  yield  per  standard  ton  for  those  factories  using  the  conventional  method  varied  from  157.1 
to  184.8  with  an  average  of  170.7  lb/standard  ton. 


94 


The  variability  of  the  yield  per  standard  between  factories  using  the  conventional  system  was  about 
40%  more  than  the  variability  in  the  liquidation  factor  for  those  factories  using  the  core  sampler.   Van- 
ability  was  measured  by  the  quotient  of  standard  deviation  to  the  average. 


CORE  SAMPLING  METHOD 


Data  Required: 


Bagasse  %  Cane 
Moisture  %  Bagasse 
Extracted  Juice  Brix 
Extracted  Juice  Pol 


(by  weighing) 

(by  weighing) 

(by  ref Tactometer) 

(by  polariscope) 


Assuming  that  the  extracted  juice  and  the  residual  juice  have  the  same  composition  the  fiber  %  bagasse 
is  given  by 

Bagasse  %  Moisture 


Fiber  %  Bagasse  =  100  "   (1  _  Extracted  juice  Brix/100) 


Thus  the  fiber  %  cane,  F,  is  given  by 

Fiber  %  Cane  =  F  =  (Fiber  %  Bagasse)  x  (Bagasse  %  Cane)/100 

and  the  absolute  juice  %  cane  is  given  by 

Absolute  Juice  %  Cane  =  100  -  Fiber  %  Cane 

The  Brix  %  Cane  can  be  calculated  as  follows: 

Brix  %  Cane  =  B  =  (Juice  %  Cane)  x  (Brix  %  Juice) /100 

The  Pol  %  Cane  can  be  calculated  as  follows: 

Pol  %  Cane  =  P  =  (Juice  %  Cane)  x  (Pol  %  Juice) /100 

The  above  expressions  allow  the  Brix,  Pol  and  Fiber  percent  cane  to  be  calculated.   The  sugar  yield  can 
be  obtained  from: 

Theoretical  Sugar  Yield,  lbs.  96%  sugar/gross  ton  of  cane  = 
2000  x  Pol  %  Cane     Extraction     Retention    _1 


100 


100 


100 


0.96 


(BHE): 


The  retention  is  obtained  using  the  Winter-Carp  formula  and  multiplying  by  the  boiling  house  efficiency 


Retention  = 


1.4 


40 


x  BHE 


Extracted  Juice  Purity 

The  extraction  is  obtained  assuming  a  constant  reduced  extraction  with  an  absolute  juice  1   fiber  of  56.6 

56.67  (Fiber  %  Cane) 


Pol  Extraction  =  100  -  J100  _  Fiber  %  Cane) 


which  predicts  the  following  extractions: 

Fiber  %  Cane 

0 

10 

15 

20 


Pol  Extraction 

100.00 

93.70 

90.00 

85.83 


Substituting  the  reduced  extraction  expression  developed  above  for  the  pol  extraction,  the  Winter-Carp 
formula  for  the  boiling  house  retention,  and  assuming  a  Boiling  House  Efficiency  of  96,  the  sugar  yield 
expression  reduces  to: 


TRS,  lb.  96°  sugar/gross  ton  cane  =  (0.28P  -  0.08B)  (100  -  10Q_F 

TRS  =  Theoretical  Recoverable  Sugar 

Actual  Factory  Sugar  Production 
Liquidation  Factor  -  —  =Z    r^g 

CRS  =  TRS  x  Liquidation  Factor 
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MAINTENANCE  STANDARDS  FOR  SUGAR  MILLS 

Lawrence  Mann,  Jr.,  Professor 

Department  of  Industrial  Engineering 

Louisiana  State  University 

Baton  Rouge,  Louisiana 


UNIQUENESS  OF  THE  SUGAR  MILL  OPERATION 


The  degree  to  which  maintenance  management  becomes  important  is  directly  proportional  to  the  demands 
made  on  the  equipment  which  is  to  be  maintained.   In  the  traditional  hard-goods  industry  where  there  are 
a  number  of  alternative  routes  through  the  plant,  maintenance  is  not  so  important  as  in  other  applications 
In  the  traditional  process  plant,  the  capital  intensive  configuration  of  the  plant  and  the  fact  that 
there  is  usually  only  one  path  through  the  plant  dictates  that  maintenance  is  important  and  receives  con- 
tinuing attention.   In  the  capital  intensive  plant  the  fact  that  the  equipment  is  so  expensive  relative  to 
the-  labor  dictates  that  downtime  is  costly,  and  sufficient  time,  effort  and  funds  can  be  justified  to  mini- 
mize this  downtime. 

The  sugar  mill  falls  within  the  realm  of  the  process  plant  and  assumes  most  of  the  characteristics 
that  process  plants  exhibit.   The  traditional  chemical  plant  or  refinery  unit  operates  24  hours  a  day 
7  days  a  week  continually  except  during  extended  turnaround  periods.   The  sugar  mill  is  a  slight  variation 
on  this  theme  m  that  the  overhaul  or  turnaround  periods  are  very  extensive  and  account  for  most  of  the 
year.   Nevertheless,  when  grinding  season  initially  starts,  there  are  outside  influences  which  dictate 
uhat  the  operation  continues  once  it  has  started  in  a  minimum  maintenance  and  minimum  downtime  mode.   The 
tact  that  management  wants  the  plant  to  operate  continuously  for  an  approximately  120  day  period  without 
significant  downtime  indicates  that  some  forethought  and  planning  should  be  given  to  maintenance  prior  to 
the  beginning  of  the  grinding  season.   This  indicates  that  some  amount  of  planning  should  go  into  the 
maintenance  management  system. 

Some  other  characteristics  of  the  sugar  mill  should  be  emphasized  at  the  outset.   Most  mills  retain 
the  type  of  equipment  that  they  have  over  a  long  period  of  time,  which  from  the  maintenance  standpoint  offers 
certain  advantages.   The  fact  that  the  equipment  is  with  us  for  some  time  enables  us  to  be  aware  of  the 
history  of  that  equipment  and  we  are  better  able  to  anticipate  what  maintenance  needs  are  required.   Similarly 
the  task  which  we  perform  becomes  somewhat  repetitive  and  offers  the  advantage  in  that,  since  they  are  repeti-' 
tive,  they  can  be  better  planned  and  executed.   Further,  the  fact  that  the  tasks  are  repetitive  enhances  our 
ability  to  train  craftsmen  so  that  the  work  can  be  done  correctly  and  expeditiously.   A  further  advantage  lies 
in  the  fact  that  we  have  a  better  idea  of  what  spares  and  materials  are  required  so  that  we  might  obtain  those 
materials  prior  to  the  start  of  maintenance  activities. 

Some  plants,  because  they  are  old,  have  a  difficult  time  in  obtaining  spares,  and,  in  some  cases,  must 
fabricate  their  own  or  go  out  to  suppliers  to  fabricate  the  parts  which  are  needed. 

WHAT  STANDARDS  WILL  DO 

From  the  standpoint  of  plant  maintenance,  standards  have  a  unique  definition.   An  engineering  standard 
is  a  technological  condition  described  in  a  document,  adoption  of  which  results  in  compatibility,  inter- 
changeability,  and  acceptability  because  of  its  uniformity.   The  most  common  definition  of  a  standard  is 
something  set  up  as  an  approved  example. 

_    Standardization  is  the  act  of  establishing  standards,  having  them  agreed  to  and  accepted,  and  then  put- 
ting them  into  practice.   Standardization  is  also  the  procedure  for  developing  the  orderly  approach  to  under- 
takings in  order  to  achieve  optimum  economy,  safety,  and  benefits  to  those  employing  the  standards. 

Within  these  definitions  the  application  of  standards  to  maintenance  indicates  that  the  process  includes 
documentation,  approval,  and  repeated  use. 

Most  maintenance  standards  include  four  distinct  sections.   The  first  section  includes  the  documentation 
of  the  steps  required  to  perform  the  maintenance  operation.   This  documentation  not  only  assures  that  the 
work  will  be  done  in  a  logical  sequence  but  also  enhances  training  in  that  the  craftsman  has  before  him  the 
steps  that  he  must  take  to  successfully  complete  the  maintenance  work  order. 

The  second  portion  of  any  maintenance  standard  is  the  list  of  spare  parts  and  materials  which  are 
required  to  perform  the  work  order.   Third,  an  estimate  of  the  time  and  crew  required  to  perform  the  operation 
is  included  on  the  standard.   The  final  inclusion  to  a  standard  is  the  listing  of  any  safety  or  other  re- 
quirements which  are  special  to  the  job  in  question.   Figure  1  indicates  such  a  standard. 
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1.  Build  25  foot  scaffold  .  . 

2.  Strip  Insulation      ■■■ 

3.  Cut  end  oevel  pipe  '  - 

4.  Inspect  \ 

5.  Install  valve  (crane  -  40  ft.  boom) 

6.  Void  valve  In  Una  

7.  Belneulate  '  -  '•-  ■ 

8.  Install  sprocket  and  chain.  ..I  ..  \  - 

9.  Bemove  scaffold  .; 


Order  -valve  -  not  In  stock*  1-8"  -  150# 
ASA  Standard  gate  valve,  carbon  steel 
weld  ends  for  Sch.  30  i>ipe,  12  cr.   trln 
for  steam  service—-'-.       -    -  •• 

•Veld  end  reive  to  conply.vlth  OED 
Spec.   11-1-1  .     ■  _;. 


Figure  1. 


CREATING  THE  STANDARD 


As  each  maintenance  job  comes  to  the  maintenance  supervisor,  he  must  decide  whether  the  job  is 
sufficiently  repetitive  to  create  a  standard.   If  he  decides  that  one  should  be  written  then  he  must 
meet  with  the  supervisor  who  normally  does  that  job  and  plan  the  job  from  the  standpoint  of  the  four 
approaches  mentioned  above.   Once  this  effort  has  been  accomplished,  then  the  standard  is  placed  in  the 
file  and  is  withdrawn  as  work  orders  are  required  or  as  the  plant  overhaul  dictates. 

The  question  is  often  asked  as  to  the  extent  to  which  jobs  should  be  standardized.   Since  the  sugar 
mill  2  rather  sLtL  from  the  standpoint  of  technology,  then  more  standards  should  be  written  than  for  plants 
wnere  the  technology  is  changing  rather  than  where  the  probability  of  continuing  to  do  the  same  effort  on 
tnl  same  equipments  ratheAow.   Research  shows  that  approximately  50%  of  the  maintenance  manhours  spent 
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for  all  process  industry  are  planned  or  standardized  to  some  extent.   It  appears  from  the  nature  of  the 
sugar  mill  that  perhaps  a  greater  percentage  of  work  done  is  adaptable  to  standardization  than  for  the 
normal  process  plant. 

BASIC  ADVANTAGES  OF  MAINTENANCE  STANDARDS 

There  are  ten  basic  advantages  to  using  engineered  standards  for  management  control.   They  are  as 
follows: 

1.  Consistent  estimating.   Since  all  maintenance  planners  are  using  the  same  standard  data  for 
estimating  job  content,  the  man-hours  required  for  various  maintenance  jobs  will  be  consistent. 
Proposed  expenditures  can  be  evaluated  with  some  assurance  of  reliability,  and  performance  by 
individuals  or  by  craft  can  be  measured  accurately  with  assurance  of  reliability. 

2.  Methods  analysis.   One  of  the  maintenance  planner's  functions  is  to  evaluate  a  job  before  it 
is  started.   Alternate  methods  of  installation  can  be  properly  weighed  and  compared.   Deci- 
sions can  be  made  as  to  whether  jobs  should  be  contracted,  prefabricated,  or  performed  by 
maintenance  personnel  with  assurance  of  obtaining  predicted  results.   The  need  for  improved 
facilities  can  be  emphasized  since  handicaps  which  exist  from  a  physical  facility  standpoint 
must  be  allowed  for  in  planning  the  labor  content  of  a  particular  job. 

3.  Elimination  of  delays  through  improved  scheduling.   Since  the  time  duration  of  a  job  can  be 
predicted,  the  maintenance  planner  and  the  maintenance  supervisor  are  aware  of  the  start  and 
finish  point  for  each  job.   This  eliminates  -the  delays  brought  about  by  inaccurate  estimating 
and  results  in  reduced  labor  costs  through  improved  effectiveness. 

4.  Coordination  of  crafts.   In  the  event  that  two  or  more  crafts  are  involved  in  a  particular 
job,  it  is  necessary  to  coordinate  the  start  and  stop  times  of  each  craft  in  order  to  avoid 
a  craft's  arriving  too  early  or  too  late.   Determination  of  labor  content  for  each  craft 
provides  for  proper  coordination  between  supervisors  because  the  planners  advise  them  in 
advance  of  their  particular  assignments. 

5.  Improved  supervisory  controls.   When  almost  all  of  the  paperwork  involved  in  maintenance  is 
done  by  the  planner,  the  supervisor  has  additional  time  to  spend  on  the  job.   Supervisors  are 
selected  for  job  knowledge  and  for  their  ability  to  control  personnel.   Time  spent  on  paperwork 
detracts  from  these  very  important  responsibilities.   Also  significant  is  the  fact  that  because 
the  jobs  are  consistently  estimated,  the  supervisor  has  an  additional  control  tool  to  use  in 
directing  his  people.   Accountability  for  improper  performance  is  made  possible  when  he  is 
equipped  with  a  realistic  estimate  of  the  labor  time  required  to  complete  a  particular  assignment. 

6.  Training.   The  maintenance  control  program  results  in  training  planners  in  the  techniques  of 
supervision  and  management.   The  planners,  who  could  ultimately  become  craft  supervisors, 
receive  invaluable  training  as  preparation  for  future  promotions.   Inadequate  training  of 
craftsmen  is  also  brought  to  light  through  the  application  of  proper  job-content  estimates. 

7.  Materials  control.   The  maintenance  planner,  in  addition  to  controlling  labor  content,  contri- 
butes to  the  control  of  materials.   Jobs  should  not  be  scheduled  unless  the  materials  are 
available  and  on  hand  so  that  work  can  be  started.   Materials  costs  are  assembled  in  addition 
to  labor  costs  on  each  job. 

8.  Work  backlog  control.   Since  maintenance  work  which  can  be  planned  in  advance  is  estimated  with 
regard  to  labor  content,  the  work  backlog  for  each  craft  can  be  controlled.   Through  application 
of  standards  and  proper  estimating,  the  backlogs  can  be  managed  and  adjusted  as  required. 

9.  Controlled  manning.   Proper  data  are  available  to  supervisors  and  management,  and  decisions  are 
made  so  that  the  fluctuations  in  maintenance  requirements  are  handled  properly.   Personnel 
transfers  or  replacements  are  planned,  and  the  volume  of  work  done  by  outside  contractors  is 
managed . 

10.    Cost  control.   The  end  result  of  the  program  is  in  maintenance  cost  control.   Management  is 
informed  of  actual  maintenance  costs  and  standard  maintenance  costs  and  is  given  a  basis  for 
accurately  evaluating,  forecasting,  and  controlling  maintenance  expenditures. 

DO  MAINTENANCE  STANDARDS  WORK? 

Will  maintenance  standards  do  anything  for  you?  Will  they  help  you  cut  maintenance  costs? 
Better  find  out.  Current  performance  is  our  best  clue.  If  your  current  work  performance  is  low  and 
if  you  feel  that  there  is  a  lot  of  idle  time  consumed  by  your  highly  paid  craftsmen,  then  you  better 
take  some  action  to  minimize  this  idle  time. 
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Where  maintenance  standards  work,  the  P^SlSt^fiS^'SS^iSiS'  BuVremember 
of  maintenance  labor  costs  to  which  you  may  add  ^  ^^^^f^^ehearted  backing  of  management  and  the 
that  any  program  such  as  we  are  discussing  here  musx  certainly  pay  you  to  discuss  these  matters 

program. 

tooth„   advance   1-  the  .ain^anc,   «^*^J^*J£^££~£?£E?£' 

time. 

responsibility  is  maintaining  the  plant. 
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FIBER  CONTENT  OF  LOUISIANA  SUGARCANE  VARIETIES  USING  THE  CUTTER-GRINDER-PRESS 


METHOD  OF  CANE  ANALYSIS 

C.  A.  Richard-^ 
American  Sugarcane  League 


ABSTRACT 


rnnf  Varleta  fiber  content  determined  by  the  press  method  of  cane  analysis  was  compared  to  varietal  fiber 
content  previously  determined  by  a  conventional  method.  There  was  good  agreement  between  these  methods  of 
determining  flber  on  commercially  grown  varieties  with  a  correlation  coefficient  of  .87**.  Current  trend! 
in  fiber  content  of  several  recent  series  of  selections  revealed  increasing  fiber  levels.  Us ill  datfrroJ 
the  press  method  only  the  association  between  fiber  content  in  different  years  as  well  as  associations  1 
between  individual  replications  of  any  one  year  and  the  average  fiber  content  of  two  years  were  strong 
The  data  indicated  that  selection  for  fiber  content  by  the  press  method  was  relatively  easy  and  accurate 
and  screening  for  unacceptable  fiber  might  be  accomplished  at  an  early  selection  stage  accurate 


INTRODUCTION 


Acceptable  fiber  content  is  an  essential  consideration  in  the  genetic  engineering  of  maximum  sugar 
production   However  screening  for  this  important  trait  in  Louisiana  is  not  begun  until  the  sixth  year 
(Infield  stage)  of  the  selection  program.   At  this  stage  of  selection  there  are  usually  less  than  5J  clones 
remaining  in  the  testing  program  (Table  1).   Thus,  screening  at  this  stage  is  of  concern  "nee  considerable 

tZr        F  th    tl*  -nVeSted  ln  Cl°neS  th3t  may  haVe  t0  be  discarded  due  to  an  undesirable  level  of 

fiber.   Further,  this  routine  at  this  selection  stage  does  not  usually  allow  for  replacement  clones  which 
may  have  a  more  acceptable  level  of  fiber.   Since  the  present  method  of  determining^ ibeT^)  rehires  more 

sh^lfbe  cont^tS^  "*  "  ^^  '*-  *  *»  •*"'*»  ™"-  *   ™^   -««-  *  -E^ 

Table  1.   General  scheme  of  the  Louisiana  sugarcane  breeding  programs  at  the  Louisiana  State  University 
Agricultural  Experiment  Station  and  at  the  US  Sugarcane  Field  Laboratory. 


Selection  Stage  „  ,     ,  „  . 

6  Number  of  Units 


Single  stool  stage  ^^QQ   _  ^^ 

First  line  trials  4>000  _  ^^ 

Second  line  trials  1>000  _  ^QQQ 

Assignment  candidates  100  _  „00 

Permanent  assignments  r0  _ 

Infield  tests  (3  years)  7r  .       ,    „,; 

3  '  75  decreased  to  20 

Outfield  tests  (3  years)  ,n  A  ,  „ 

Lv   decreased  to  possible  release  of 

variety 

♦  i,  °au^ertJ(1)'  Sava8e  (?)'  and  No^is  (6)  among  others,  during  the  early  1900's,  experimented  with  several 

W   ?pf°r  det!™lnin8  ^^  C°ntent-   H0W6Ver'  n°ne  0f  these  method^  P^ved  to  be  practical   Hebert  and 
James  (2)  reported  on  work  with  three  methods  for  determining  fiber.   The  simplest  method  involved  using  a 
washing  machine  to  leach  residual  soluble  solids  from  bagged  samples  of  bagasse  and  took  two  hours  of  washing 
time  and  several  days  to  dry  remaining  fiber  to  constant  weight.   Henderson  et  al .  (3)  reported  on  a  simple 
technique  for  estimating  fiber  content  at  the  LSU  Experiment  Station  which  included  single  mill  passes 
bagging  stalk  remnants  and  drying  them  for  fiber  estimates.   This  method  has  not  been  used  in  the  variety 
selection  program  but  has  been  used  successfully  in  genetic  studies  and  in  programs  elsewhere. 

m.th  ^nTt0 ^8J.deSCri^  a  rapld  method  for  estimating  fiber  percent  cane  using  a  cutter-grinder-press 

;fu;aiZnVle;  C°ntent'  °theVane  ^^   -formation  was  obtained8.   This  method  has'been  used 
successfully  in  Hawaii  to  determine  cane  quality  due  to  differences  in  crop  age,  variety,  fertilization,  and 

The  work  reported  herein  was  conducted  while  employed  by  the  Louisiana  Agricultural  Experiment  Station. 
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,.    •     ,.tinn.   The  cutter-grinder-press  method  seems  to  offer  advantages  in  fiber  determinations 
Tnerefore^tests  wire  ^^1975  and  1976  to  evaluate  the  procedure  as  a  possible  screening  technique 
for  fiber' content  for  the  Louisiana  variety  selection  programs. 

MATERIALS  AND  METHODS 

a+  rtp  St   Gabriel  Farm  of  the  Louisiana  Agricultural  Experiment  Station  were  used 
Plant  cane  grown  at  the  St.  Gabriel  farm  01  i  e       b   29   1976   three  replications  of 

to  the  laboratory  for  analysis. 

Press  and  pressed  at  18,000  lb.  pressure   equiva  unrne's  method   The  pressed  residue  was  weighed, 

for  brix  using  a  spindle  hydrometer  an   or  -«^   reSed  then  reweighed  to  give  dry  weight. 
dried  in  a  forced  air  oven  at  130  F.  until  constant  the  data  collected  as  described  by  Tanimoto  (8).   The 
The  fiber  content  of  each  samp J  -as  calcul  tec nf -^^^f^t  two  to  ten  testsyor  nore  at  the  US 

JS^SS-L^S;  £  ouma  Lo  isiana  i*]^^^™    T^^^S^SL 

\i:f^VZTSl^:%l   to^mlne  S£  peteTorgasse.   Fiber  percent  cane  is  the  product  of 
bagasse  percent  cane  times  fiber  percent  bagasse. 

standard  variety. 

RESULTS   AND   DISCUSSION 

*      •       .fl^r.   for  varieties    in    individual   harvests    indicated    significant   differences   among 
The   tests   of    significance   for  varieties    in    inaivi  indicated    the    two  harvests   were 

Table   2.      Combined   analysis   of    fiber   percent   of   nine   commercial    and    26   experimental   varieties   during    19: 
and    1976  harvests. . . — 


Commercial   varieties 


Experimental   varieties 


Fiber   percent    cane 


CP   67-412 

CP   65-357,    CP   52-68 

L   65-69 

L    62-96 


L    60-25 

CP   48-103 

NCo      310 
CP   61-37 

HSD    (.05   P) 


L   72-92 

L   72-33 

L   72-17 

L   72-62,    CP   70-330 

CP   71-371 

L   71-20,    CP   70-401 

CP   71-318,    L   72-35 

L   72-9 

L    72-1,    L    72-47 

CP   71-326,    CP   71-380 

L   72-3 

L   72-85 

L   70-16 

CP    70-321,    L    71-94 

L   61-67 

L   70-65 

CP    70-300,    L    71-29 

L   70-30 
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0.9 


101 


varieties   are   ranked    in  descending   order   of    their   fiber  concent     tZ  order   S*   Pr°gramS;      AlthouSh   the 

approaches   a   chronological    listing.      Only   CP   52-68   and   CP   6 I    Vl\l  I  J  c°°"»ercial   varieties 

date    of    release.  Y  C?    61_3?   are    ranked    properly   according    to    their 

To    further   demonstrate    this    point,    compare    the    average    fiber   percent    cane    of    all    „*„ 

was   aLiirabUa^1rof\\eCO;r;ar1ienfierev2u:ted1  in^r^r^   *""   "*  US   ^^  Field 

these   28  varieties  measured   by'the  p^   s  I     ho   le r"  ££™ I  To   ftbeTco'nteT'      ^   *??   ^^   °f 

method    and   a   scatter  diagram  of    these   data   points    is  L  Figure    1        M     UtT^t     /  ^  COnVentional 

method    of    fiber    determination   are   an   average    of    two    testTwhile    tZ  ,lr  t      I   P      1^    ^   ^    PreSS 

are   a   result    of   varying   numbers   of    tests    fj.  different  years        For   th   s   I  7   *"   COnventional   -"hod 

cients   and    regression    lines   are   shown.  *  thlS    reaS°n'    tW°   ""elation   coeffl- 

nine  SLSSS'SSaSf^LS^  ^SLIS^tS  Sir determ—  —  —  «* 

to   135)    tests   per  variety   from   the   conventional   method        I?  should  lentZTZ^lZT  °\27J™^  °f   6 
association   the   simple   technique   of    the   press  method   provided    fiber  data   similar  I     ^/T*8 

tensive   milling    tests    of    the    conventional   method.  similar    to   data    obtained    from   ex- 

varieSL^rfSclud^r^Se1^   Sditfon^^rfet Ss^   ^^VT^™  M*  *»  '"  28 
an   average   of    seven    (range   of    2    to    9)    tests   ^^ "ar^ty^f ro^^hllon^ntLnal^tho":1"100   ^"^   ** 

The    lower   association   from   the   28  varieties   as   mmnar^A    *n    <-kq  •    ^- 

varieties  was   due    to   a   total    lack   of   agreement    in  only  a  ^al  fn^   association   from  only   the   nine   commercial 
from  2    to   8    tests   from   the   conventional   method        tZ  i        small   number   of  varieties.      These   few  varieties  had 

f0r  ai°":;:is«  rsis:  ™sr  hint's110"1??,"'1  r  *em  °c  an  -<»»"«-  »««.<  .J 

programs  have  approximately  100  to  200  candidates  for  ««T~«|.  f  Table  1,  our  current  breeding 

50  to  100  are  chosen  and  advanced  to  infield  trials   5  We  r   'T     W^  nUmberS  fr°m  which 

j      o.   in  nit  event  or  total  yield  of  biomass  becoming  a  selection 
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Figure  1.   Relationship  of  the  conventional  method  to  the  cutter-grinder-press  method  of  determining 

fiber  content  of  sugarcane.   The  solid  regression  line  compares  the  two  methods  of  only  the 
nine  commercial  varieties  while  the  dashed  regression  line  includes  all  28  varieties. 

criterion,  this  method  could  be  used  with  the  same  success  since  this  data  would  be  just  as  reliable  for 
selection  of  high  fiber  varieties  as  it  is  for  low  fiber  varieties. 
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ECONOMIC  THRESHOLDS  FOR  SUGAR  CANE  BORER  POPULATIONS  IN  FLORIDA 

Josev  Alvarez  and  Gerald  Kidder 

Area  Economist  and  Extension  Sugar  Cane  Specialist 

University  of  Florida 

Agricultural  Research  and  Education  Center 

Belle  Glade,  Florida 

The  sugar  cane  borer,  Diatraea  saccharalis  (F . )  ,  is  one  of  the  most  destructive  insects  attacking  sugar 
cane  in  the  continental  United  States,  and  treating  the  plants  with  insecticides  has  been  recommended  for 
controlling  sugar  cane  borer  populations.   A  five  percent  level  of  infestation  has  been  set  in  Louisiana 
and  Florida  as  the  point  at  which  treatment  becomes  necessary.   However,  a  fixed  limit  cannot  cover  all 
possible  situations.   The  study  applies  and  expands  a  previously  advanced  definition  of  the  economic  thres- 
hold.  It  is  defined  as  dependent  upon  time,  yield  and  prices. 

Ecpnomic  thresholds  are  calculated  for  the  Florida  situation  using  three  levels  of  yield,  three  prices 
of  sugar  per  pound,  and  three  times  in  the  season.  Results  show  the  economic  threshold  values  decreasing 
as  yields  and  prices  of  sugar  increase,  but  increasing  as  the  season  advances.  They  range  from  a  low  2  7 
percent  early  in  the  season  for  a  45-tonne  field  when  the  price  of  sugar  is  US  $0.15  per  pound,  to  a  high 
13.4  percent  late  in  the  season  for  a  20-tonne  field  when  the  price  of  sugar  is  $0.12  per  pound.  Results 
also  indicate  the  importance  of  considering  all  factors  involved  when  computing  economic  thresholds,  since 
they  usually  result  in  reduced  insecticide  treatments. 

MIDWESTERN  CULTIVATION  OF  SWEET  SORGHUM  AS  A  RENEWABLE  ENERGY  CROP 

M.  F.  Arthur,  D.  R.  Jackson,  S.  Kresovich  and  W.  T.  Lawhon 
Battelle  Columbus  Laboratories 
Columbus,  Ohio 

The  rising  cost  of  petroleum  has  necessitated  research  into  practical  alternative  sources  of  energy, 
including  solar  energy.   Obvious,  but  often  overlooked,  solar  converters  are  green  plants.   The  objective 
of  this  research  was  to  determine  the  feasibility  of  large-scale  sweet  sorghum  production  as  a  renewable 
source  of  ethanol.   The  sugars  produced  during  the  growth  of  the  plant  may  be  fermented  into  ethanol 
and  mixed  with  gasoline  to  produce  gasohol.   Such  a  development  could  help  offset  the  growing  U.S.  de- 
pendency on  foreign  oil  supplies.   The  results  of  this  research  indicated  that  sweet  sorghum  may  be 
grown  in  the  midwestern  U.S.  with  yields  comparable  to  those  obtained  in  southern  states  where  sweet  sor- 
ghum traditionally  has  been  grown  for  syrup  production. 

YIELD  COMPONENTS  IN  THE  Fj  AND  BACKCROSS  GENERATIONS 
OF  SACCHARUM  SPONTANEUM  (US  56-15-8)  WITH  COMMERCIAL  HYBRIDS 

R.  D.  Breaux 
USDA,  Science  and  Education  Administration 
Houma,  Louisiana  (in  cooperation  with  the 
Louisiana  Agricultural  Experiment  Station) 

A  study  was  conducted  to  measure  the  effect  on  quantitative  yield  components  when  S^.  spontaneum  is 
crossed  and  backcrossed  to  commercial  hybrids.   The  mean  yield  of  tonnes  of  cane  per  hectare  was  very  high 
in  the  F-|  generation  but  dropped  drastically  with  backcrossing.   The  mean  yield  of  kg  sugar  per  tonne  of 
cane  was  very  low  in  the  Y1   generation  and  increased  significantly  with  backcrossing.   The  mean  yield  of 
sugar  per  hectare  was  lowest  in  the  F]  and  BCL  generations,  significantly  lower  than  the  commercial  control 
cross.   The  data  indicate  that  US  56-15-8  could  reach  a  commercial  level  for  yield  with  two  to  three  back- 
crosses  to  commercial  hybrids. 

BREEDING  BEHAVIOR  OF  STUBBLING  ABILITY  IN  SUGAR  CANE 
— PRELIMINARY  OBSERVATIONS 

John  W.  Dunckelman  and  M.  T.  Henderson 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  Louisiana 

A  study  was  conducted  to  determine  the  breeding  behavior  of  stubbling  ability  in  sugar  cane  from 
the  plant  cane  crop  through  2nd  stubble.   Two-hundred  and  ten  clones,  chosen  at  random  from  the  progeny 
of  a  cross  of  CP  65-357  x  L  65-69  comprised  the  experimental  units  with  each  being  planted  to  a  10-foot 
clonal  plot.   Five  replicates  of  each  parental  clone  were  incorporated  in  the  experiment  as  checks. 
The  characteristics  studied  as  indicators  of  stubbling  ability  were  stalk  population,  stalk  weight,  stalk 
length,  stalk  diameter  and  plot  yield,  calculated  as  the  product  of  clonal  population  x  average  clonal 
stalk  weight.   Sucrose  content  was  also  determined  through  polar imetry  and  Brix  analysis.   The  sample  size 
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used  was  20  stalks  per  clonal  plot.   This  paper  is  a  preliminary  investigation  of  the  plant  cane  and  first 
stubble  crops.   The  mean  characteristics  for  the  experimental  clones  within  separate  years  were  as  follows. 
Saat  cane:   population,  53.9  stalks/plot;  weight,  0.923  kg/stalk;  length,  2.02  m  stalk;  diameter   22  7 
Wstalkfyield!  49.35  kg/plot.   First  stubble:   population,  60.1  stalks/plot;  weight,  0.851  kg/stalk; 
length,  2.28  m/stalk;  diameter,  21.5  mm/stalk;  yield,  50.65  kg/plot. 


A  REPORT  ON  THE  SUGAR  CANE  TECHNOLOGY  PROGRAM 
AND  THE  CANE  SUGAR  REFINERS  SHORT  COURSE  AT  NICHOLLS  STATE  UNIVERSITY 

Robert  N.  Falgout 

Nicholls  State  University 

Thibodaux,  Louisiana 

Three  years  ago,  Nicholls  State  University  began  a  two-year  Associate  of  Science  Degree  program  in 
Sugar  Cane  Technology,  offering  options  in  either  processing  or  production.   The  overall  goal  of  the  program 
has  been  to  develop^ualif  ied  mid-management  level  personnel  for  the  sugar  industry.   To  date  nine  students 
have  completed  the  requirements,  with  four  more  scheduled  to  graduate  this  semester.   An  additional  seven 
students are  planning  to  finish  either  this  summer  or  after  the  1979  fall  semester.   Of  those  already  graduated, 
three  have  elected  to  continue  their  education  at  Nicholls,  while  the  remaining  six  students  are  now  working 
in  fields  or  factories  where  the  demand  for  their  services  still  remains  very  high. 

In  July,  1978,  Nicholls  State  University  conducted  its  First  Annual  Cane  Sugar  Refiners  Short  Course. 
Its  purpose  was  to  provide  short-term  training  for  engineers,  technicians  and  manag ement  per sonnel  in  the 
cane  sugar  refining  industry.   The  objectives  were:   to  promote  training  which  will  upgrade  the  skills  of 
participants  making  them  better  employees;  to  provide  background  knowledge,  so  that  participants  will  be 
Setter  prepared  to  assume  positions  of  responsibility  and  leadership;  and  to  develop  m  the  participants  an 
appreciation  for  the  total  operation  of  the  plant.   The  format  was  a  two -week  intensive  lear  »^J**j£"L 
with  some  topics  being  covered  by  full-day  sessions  and  some  by  half -day  sessions.   Classes  included  lectures 
and  discussions,  with  many  informal  sessions  during  "out-of -class  hours. 

Some  29  participants  from  all  over  the  world  completed  the  short  course.   The  reaction  from  both  students 
and  teachers  was  overwhelmingly  favorable.   Response  was  so  good  that  the  University  is  planning  a  similar 
short  course. 

RUST  DISEASE  IN  GUATEMALA 


Alfonso  L.  Fors 
International  Sugar  Cane  Consultants,  Inc. 

Cane  sugar  is  an  important  export  commodity  in  Guatemala,  so  any  given  condition  jeopardizing  sugar 
cane  production  creates  a  certain  degree  of  alarm  among  cane  farmers  and  sugar  Producers  ^f  ^*  ™ 
months  ago,  the  presence  of  sugar  cane  rust  disease  (Puce in ia  spp . )  was  confirmed  in  the  eastern  coastal 
1  belt,  mainly  affecting  variety  B  4362.  Outside  of  Mexico  this  is  the  first  Central  Amerxcan  count 
where  rust  has  been  found.  This  paper  points  out  the  effect  of  the  disease  in  one  of  the  m°«t  important 
commercial  varieties  in  Guatemala.  Also  included  are  field  and  laboratory  observations,  suggested  methods 
of  control  and  notes  on  the  discovery  of  rust  in  an  experimental  variety 
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THE  ROLE  OF  SUGAR  CROPS  IN  SUPPLYING  NEW  FUEL  RESOURCES  IN  THE  U.S. 

D.  R.  Jackson,  S.  Kresovich  and  W.  T.  Lawhon 
Battelle  Columbus  Laboratories,  Columbus,  Ohio 


Con- 


Recent  increases  in  OPEC  oil  prices  emphasize  the  need  for  alternate  fuel  sources  in  the  U.S. 

on  of  sugar  crops  to  fuel-grade  alcohol  can  provide  a  significant  contribution  to  the  national 
, onomy.   An  additional  incentive  for  this  option  is  to  raise  net  farm  income  by  providing  new  cash  crops. 
Results  from  an  ongoing  FUELS  FROM  BIOMASS  Program,  sponsored  by  the  U.S.  Department  of   Energy   indicate 
the  yield  potential  to  be  derived  from  sugar  cane  and  sweet  sorghum.   Sweet  sorghum  has  responded  well 


version 
economy 


._  yield  p  _ 
to  intensive  cultivation  and  has  a  wide  geographic  potential 


MATURITY  STUDIES  OF  COMMERCIAL  SUGAR  CANE  VARIETIES  IN  LOUISIANA 

B.  L.  Legendre 

U.S.  Sugar  Cane  Field  Laboratory,  USDA 

Science  and  Education  Administration 

Houma,  Louisiana    (in   cooperation  with   the 

Louisiana  Agricultural   Station) 

The   relative  maturity   of  nine  varieties   of    sugar   cane  was  compared  over   five  years    (1974-1978)    in 
first-stubble  crops  at   the  U.S.    Sugar  Cane  Field  Laboratory,   Houma,   Louisiana.      The   study   revealed 
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important  varietal   differences   in   the  normal   juice   sucrose    (NJS)    and  purity    (NJP)    during   the  harvest 
period,    which   usually   begins    in   October   and   ends    in   December.      The   early  maturing,   high-sucrose   varieties, 
such  as  L   60-25,   and,    to  a   lesser   extent,   L   62-96   and  L   65-69,    reached   standard  NJS    (12  percent)   and 
NJP    (76   percent)    by   October   15;    thereafter,    NJS   and  NJP    increased    slowly.      Other   varieties,    like   CP   65- 
357,    the  most    important   commercial   variety    in   the   state,    and  CP  48-103,   approached   standard  NJS  and  NJP 
by  mid-October,   but   continued   to  accumulate   sucrose  and  mature   throughout   the  harvest  period.      Usually, 
CP   65-357   surpassed  all   varieties   in  NJS  and  NJP  by  December   1.      The   late-maturing  varieties,   CP   52-68^ 
CP   61-37,   CP   67-412  and  NCo   310,   had  very   low  levels   of    sucrose   early    in   the  harvest   season  and   they 
generally   did  not   exceed   standard  NJS  and  NJP  until  mid-November.      The  pattern  of   ripening   in   these  dif- 
ferent  varieties   appeared    to  be    fairly   constant    despite    large   variations    in    temperature   and   rainfall 
during    the   harvest   period   of    the    study   duration. 

PANEL   DISCUSSION   -   ALCOHOL   FOR  FUELS 

Joseph  A.   Polack,    Carlos  R.    Toca ,    Joseph  R.    Orsenigo,   and  Joseph  A.   Harrison 

Audubon    Sugar    Institute,    Louisiana  Agri-Fuels   Corp.,    Florida    Sugar   Cane  League,    Inc. 

and    Supreme    Sugar   Company,    Inc.,    subsidiary   of  Archer-Daniels-Midland 

The  panel   discussed  the  current   status   of   planning   in  Louisiana  and  Florida   for   the  production  of 
fuel  alcohol   from   cane   juice,   molasses  and  other  renewable   resources.      Technical,    economic   and  legislative 
political  aspects  were   considered.      Questions  from  the   floor  were   invited. 

SWEET    SORGHUM  FOR   SUGAR  AND  BIOMASS   PRODUCTION    IN  LOUISIANA 

R.    Ricaud,    B.    Cochran,    G.    Newton  and  A.    Arceneaux 

Louisiana  Agricultural   Experiment    Station 

Baton  Rouge,   Louisiana 

Experiments  have  been   conducted   to   determine   the  effects   of  methods   of   planting   two  varieties  of 
sweet    sorghum    (Sorghum  bicolor)    on   the  yield  of    sugar  and  biomass   for  potential  use   in  alcohol  pro- 
duction.     Rio  and  Wray  varieties  were  planted  using   two-drill  and  broadcast  methods   in  1977  and  using 
one-,    two-,    three-drill  and  broadcast  methods    in   1978   on   rows   six   feet  wide.      The   sorghum  was  planted 
in  April  and  harvested   in  late  August  with  a   combine   chopper  harvester   in   1977  and  a   soldier   type   sugar 
cane  harvester   in   1978. 

In   1977,    the  average   stalk  populations  were   102,000  and  160,000  per  hectare  and  the  average  stalk 
yields  were   61.2   tonnes  and   59   tonnes  per  hectare  with   the   two-drill   and  broadcast  methods,   respectively. 
The  average   stalk  yields  were   53.1   tonnes  and  67.1   tonnes  per  hectare  and   total   plant   or  biomass 
yields  were   74    tonnes  per  hectare  with  Rio  and  Wray  varieties, respectively .      Rio  contained  14.4%   sucrose 
with   87.3%  purity  and  Wray  contained   14.1%   sucrose  with   81.0%  purity   in   the  juice  at  harvest   time. 

In   1978,    stalk  populations   ranging  from   30,250   to   154,000  per  hectare  produced  maximum  yields  of 
44.8   tonnes   of   stalks   or   55.6    tonnes  of  biomass  per  hectare  with  Rio  and   56.7   tonnes  of   stalks  or   78.8 
tonnes  of   biomass  per  hectare  with   the  Wray  variety.      Rio  contained   12.9%   sucrose  and   78.4%  purity   in 
the   juice  at  harvest   time. 

Processing   studies  were  made   each  year  at   the  Audubon   Sugar   Institute    in   cooperation  with  personnel 
in   the  Chemical   Engineering  Department   at  LSU  and  USDA-ARS  Food  Crops  Utilization  Research  at  Weslaco, 
Texas. 

USE   OF  AERATED    STEAM  FOR  CONTROL   OF    SOME  DISEASES   OF    SUGAR  CANE    IN  LOUISIANA 

R.    J.    Steib 

Department  of  Plant  Pathology  and  Crop  Physiology 

Louisiana  Agricultural  Experiment  Station 

Louisiana  State  University,  Baton  Rouge,  Louisiana 

Initial  studies  to  determine  if  aerated  steam  (AS)  thermotherapy  would  be  effective  for  control  of 
sugar  cane  diseases  in  Louisiana  were  undertaken  in  1974.   Control  of  ratoon  stunting  disease  (RSD)  was 
found  to  be  possible  by  treating  seed  cane  with  all  adhering  trash  for  a  period  of  four  hours  at  53°  C. 
Using  a  larger  oven  than  that  used  in  Louisiana  (2.25  tonnes),  RSD  was  controlled  with  54°  C,  four 
hours  under  tropical  conditions. 

Aerated  steam  does  not  reduce  germination  of  seed  cane,  as  do  other  heat  treatments  which  are  used  to 
control  RSD.   Treatments  made  in  1976  to  control  sugar  cane  mosaic,  which  is  caused  by  a  virus,  included 
56°  C.-2.5  hour  and  57°  C-2.0  hour  methods.   A  high  degree  of  mosaic  control  was  obtained;  however,  the 
germination  of  varieties  sensitive  to  AS  was  reduced  to  a  low  level.   The  uncontrolled  volume  of  steam 
entering  the  oven  resulted  in  a  very  rapid  rise  in  the  treatment  temperature  desired  within  20  to  30  min- 
utes.  Apparently,  the  hot  steam  scalded  the  tender  buds  on  the  four  to  five  month  old  seed  cane  used  for 
planting  in  Louisiana. 

106 


In   order   to   reduce   damage  by   the  hot   steam,   a  number   of    factors  needed   to  be      stabilized       Tests  were 
made   to   establish   the   following  parameters:      the    steam  pressure  and  volume   of    steam  entering   the   oven   for 
different   temperature-time  combinations   for   given  volumes   of   cane;    the   effect   of    the  ^^V^^   olumes- 
of    the  cane  mass   on   the   rate   of    temperature   rise    in   the   oven  at   different    steam  pressures  and   xnlet  volumes, 
and   the   erfect   of   different  methods   of   loading   the   oven   on   temperature   distribution   in   the   oven  and   on   the 
rate  of   temperature   rise   in   the   cane  mass   throughout   the   oven. 

Tests  made    in   1977  using   560-3. 0  hour   treatments  with   reduced  volumes  of    inlet  AS  were   found   to   delay 
the   temperatur!   rise   in   the   oven  by   1.25   to   1.50  hours.      The   steam  pressure  was  maintained  between   25  and  45 
psi  for   these   tests,   as   they  were   for   treatments  made   the  previous  year.      The  reduced   xnlet  volume .which 

v        a  £S  temperature   rise,    resulted   in   excellent  germination  for  all  varieties   treated  at   56      C  • 

-three  hours;    RSD  was  effectively  controlled.      Even   though   the   seed  cane   temperature  was  5        ^^   g 

"a  "the  foLowin^eaT a97^hthIr;tr^e^riCwirc:^r:^IdtarKtn:r;S1^di5  pTi  an*  ^volume   of 
^       mtterxn  The  Ten   related  using  four  or   six  holes   of   0   1625-inch   diameter  made    in   the   steam   xn let 
pipe        The   treatments   included   temperature-time  combinations   of    56°  C.    and  4.0,    4.5  and  5.0  hours.      ^ese 
tests  resulted   in  acceptable   germination   for   only   the  most  heat-resistant   varieties        Average  mosaxc   control 
for    the   4   0  and  J. 5-hour   treatments  at   56°  C.   was   66.7  percent,    respectively.      The   desxred   xn-cane   temper- 
ature was  reached  after   2.0   to   2.5  hours   of    the  four-hour   treatment  perxod. 

Results  of    the   tests  made  during   the  past   two  years   indicate    it  may  be  possible   to  control    sugar  cane 
mosaic    in  only   the  most  heat-resistant  varieties  with  only   one  AS   treatment,    if  most  parameters  known   to 
a   f"ct   the  results  obtained   from   the  AS   treatment   system  are  controlled.      "Tf-^^SL^.^.T 
be  possible   to  control  mosaic   in   the  more  heat-sensitive  varietxes  using  a   slxghtly  higher   steam  pressure 
and   slightly   greater    inlet  volume,   along  with  a   shorter   treatment  period. 

ABSTRACTS    -  MANUFACTURING 

DEVELOPMENT   OF   AN   EFFECTIVE   CHEMICAL   CLEANING  PROCEDURE 
FOR   STEAM/VAPOR   SIDE   FOULING   IN  HEAT-TRANSFER  EQUIPMENT 

Pedro  R.    Arellano,    James  C.    P.    Chen  and  James   S.    Rauh 

Sugar   Industry  Division,   Olin  Water   Services 

01  in  Corporation,    Overland  Park,   Kansas 

Scale   deposition  on  heat-transfer   surfaces,    especially   evaporator   tubes,    can   directly  affect 
operating  efficiencies  and,    thus,   have  a   direct   impact   on   operating   costs   in   sugar  P-ductxon_    Field 
studies  and  evaluations   of   chemical    inhibitors  and  chemical   cleanxng  procedures  fOT   ^rolling e°  ulk 
removing   scale   deposits  have  been   the   subject   of   many   technical  articles  and  presentations.      The  bulk 
of    this   information  has  been    Involved   solely  with   scale   deposition   on   the   juice   sxde. 

This  paper   discusses   the   importance   of    scale   deposition  and   steam/vapor   side   fouling   in  relation 
to   the   overall   efficiency   of   evaporators  and  other  heat-transfer   equipment        Steam/vapor   sxde f oulxng 
is  detailed    in   information  covering   its  causes,    sources   of   contaminants   m  deposits,   and  a  review  of 
prior  methods  attempted   to  remove   such  deposits.      Also  covered   is   the   development   of   a  chemxcal   cleanxng 
procedure  from  laboratory  evaluations   through  an  actual  Florida  mill   applxcatxon. 

INCREASING  PROFITS   THROUGH  MORE  EFFECTIVE  USE   OF   PEOPLE  AND   EQUIPMENT 

Wiley  M.   Morse,    P.    E. 
Morse   &  Associates,   Beachwood,   Ohio 


This  presentation  discussed  opportunities  for   increasing  profits  by   improving  harvesting  and   trans- 
portation methods.      More  effective  utilization   of    the  agricultural  resources  of   capxtal   equipment  and 
labor  was   stressed.      A  case   study  was  presented   in  which   significant   opportunxtxes  were   xdentxfxed   to 
improve  harvesting   operations,   reduce   transportation  costs  and   increase  product   qualxty   and  yield. 


TRACE  METAL   IN   SUGAR  CANE   JUICE   -  A  NEW  ATOMIC  ABSORPTION  METHOD 

Luis   E.    Vidauretta   and   Carl   J.    Feigel 
Chemistry  Department 
Louisiana   State  University,   Baton  Rouge,   Louisiana 

A  method  has  been   developed  for   the  analysis   of    trace  metals   in   the  various   stages  of   raw  sugar 
refinement.      The  method   includes  ashing  and  filtering   states,    followed  by  an   analysis   of    the  metals  by 
atomic  absorption.      The  newly  developed  method   is  used  primarily   for  very   viscous   sugar   samples. 
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A  COMPUTER  SIMULATION  STUDY  OF  MULTIPLE-EFFECT  EVAPORATOR  CONTROL  SYSTEMS 

Chien  Wang  and  Adrian  E.  Johnson,  Jr. 
Louisiana  State  University,  Baton  Rouge,  Louisiana 


lr 

stems 
ther  mill 


A  digital  computer  model  was  developed  for  simulation  of  multiple-effect  sugar  evaporators  and  the 
control  systems.   A  primary  interest  in  the  development  of  the  model  was  to  provide  for  study  of  sv 

in  which  vapor  bleeds  are  removed  from  one  or  more  evaporator  bodies  to  supply  low-cost  heat  for  oL , 

equipment.   In  addition,  the  computer  model  was  to  be  flexible  and  easily  modifiable  for  studying  a  variety 
of  evaporator  configurations  and  control  systems  arrangements. 

After  verification  of  the  computer  model  by  comparing  its  output  with  steady-state  evaporator  design 
results  and  with  expected  dynamic  behavior  of  commercial  evaporator  systems,  a  series  of  case  studies 
were  performed  to  study  the  effectiveness  of  conventional  control  systems  in  the  face  of  varying  vapor 
bleed  demands  and  other  system  disturbances.   The  objective  of  these   studies  was  to  try  to  identify  those 
situations  and  configurations  which  do  not  provide  satisfactory  performance.   Since  extensive  vapor 
bleeding  is  relatively  new  to  the  industry  and  will  probably  be  used  in  most  new  installations  to  save 
energy,  this  study  was  considered  timely. 

This  paper  presents  in  graphical  form  the  results  of  the  studies  made  to  date,  which  consist  of  six 
different  commercial  designs,  involving  various  combinations  of  total  number  of  bodies,  number  and  quantity 
or  vapor  bleed  streams,  and  conventional  control  system  arrangements.   Some  of  the  conclusions  to  be 
discussed  are:   (1)   Systems  with  pre-evaporators  control  the  pressure  of  the  vapor  bleed  stream  best; 
(2)  whenever  too  large  a  vapor  bleed  stream  is  removed  from  the  pre-evaporator ,  the  system  cannot  respond 
well  to  large  feed  rate  changes;  (3)  whenever  vapor  bleed  demands  vary  (such  as  the  demand  from  vacuum  pans), 
substantial  makeup  exhaust  steam  control  action  is  required  even  with  a  pre-evaporator.   These  and  other 
conclusions  and  observations  are  presented  in  this  paper.   Future  studies  are  planned  to  test  modifications 
and  innovations  to  conventional  control  systems  designed  to  improve  the  control  system  performance  of 
evaporator  systems  providing  vapor  bleed  streams. 

(This  work  represents  the  results  of  the  M.S.  research  of  Mr.  Chien  Wang  at  the  LSU  Department  of  Chemical 
Engineering.  Mr.  Wang  received  a  grant  through  the  Audubon  Sugar  Institute  from  F.C.  Schafer  &  Associates 
to  support  him  while  he  fulfilled  the  requirements  for  the  M.S.  degree.) 
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